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ABSTRACT
A study of assay methodology for urinary metadrenalines and 
plasma catecholamines enabled some improvements to be suggested. For 
sample preparation in the assay of urinary metadrenalines, stearic 
acid-coated charcoal was introduced as a means of isolation. With 
optimized conditions of use for this coated charcoal, 75 ± 51 (S.D.) 
of added 3H-met adrenaline and 74 ± 5% (S.D.) of 3H-normetadrenaline 
were recovered from urine.
Following their isolation by coated charcoal, urinary 
metadrenalines were separated from each other by a cation exchanger 
(cellulose phosphate) and estimated fluorimetrically. The 24 h 
normal urine value obtained for metadrenaline (M) was 207 ± 74 (S.D.) yg 
and for nonnetadrenaline (NM) it was 295 ± 84 yg, which agrees well with 
values obtained by the reference method used, and with reported normal 
values for various published methods.
A qualitative TLC method for urinary metadrenalines extracted by 
coated charcoal was developed. This could be clinically useful for 
detecting high levels of urinary metadrenalines.
As an end-step, a reverse phase HPLC procedure has been used 
successfully for estimation of urinary metadrenalines, following HPLC 
trials which gave inadequate purification. After the isolation 
procedure using coated charcoal, the 24 h urinary values estimated by 
HPLC with UV detection, merely from two results, was 208 yg for I'M 
and 107 yg for M. Using a Dowex-50 cation-exchange column for the 
sample preparation, the value for NM was ’220 yg and for M was 74 yg.
These values agreed with those obtained by the reference method used. 
However, when an electrochemical instead of a UV detector was used 
with the HPLC, only urinary NM could be estimated.
Some pathological urines were assayed for their content of 
metadrenalines by means of HPLC combined with UV or electrochemical 
detection, or, for comparison, cellulose phosphate-fluorimetry.
In the radioenzymatic assay method for plasma catecholamines an 
improvement was introduced that involves the use of HPLC for 
separation of the 3H-Omethylated derivatives of the plasma 
catecholamines which are formed by the enzymatic reaction. This 
improvement enables the single-isotopic method to match the precision" 
of the double-isotopic method, since a correction for losses from 
the pre-HPLC step onward (although not during initial processing) was 
achievable by the UV detection of added unlabelled O-methylated 
compounds. Early results for plasma catecholamine values obtained by 
the present method were too high, due to the rather inefficient HPLC 
column used. With the more efficient column, in two assays the plasma 
noradrenaline was 155 pg/ml, adrenaline was 78 pg/ml and dopamine was 
341 pg/ml.
Pilot experiments with coated charcoal pointed to the possibility 
of using it as a sample preparation step in the analysis of certain 
drugs (exemplified by practolol and atenolol) from urine or blood.
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ABBREVIATIONS
(Other than those in Biochem. J. abbreviations list)
A adrenaline
N noradrenaline
D dopamine
NM normetadrenal ine
M metadrenaline
COMT cat echol-O-methyl transferase
SAM S-adenosylmethionine
MAO monoamine oxidase
cAMP cyclic 3',51 -adenosine monophosphate
THI trihydroxyindole
EDA ethyl enediamine
VMA 4-hydroxy-3-methoxy mand§lic acid
TLC thin layer chromatography
GLC gas liquid chromatography
HPLC high pressure liquid chromatography
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1. INTRODUCTION
1.1 Catecholamines and metadrenalines ~
The catecholamines comprise those biogenic amines which possess a 
3,4-dihydroxyphenyl (catechol) nucleus. The three most important 
catecholamines are:
OH
OH
Nil
CH-OH
OH
OH
m
Qh
dopamine (D)
(3-hydroxytyramine)
noradrenaline (N) 
(norepinephrine)
adrenaline (A) 
(epinephrine)
Noradrenaline and adrenaline are endocrine hormones secreted by the 
adrenal medulla and other chromaffin cells, whilst noradrenaline and 
dopamine serve as neurotransmitter substances in various neurones 
(Iversen, 1972).
The naturally occurring adrenaline and noradrenaline are laevo- 
rotatory, the dextrorotatory forms being almost devoid of biological 
activity (Geigy, 1970).
Normetadrenaline (NM) is one of the noradrenaline metabolites and
metadrenaline (M) is one of the adrenaline metabolites, whereas the 
noradrenaline and adrenaline are 3-0-methylated by the tissue enzyme 
catechol-O-methyltransferase (COMT) with S-adenosylmethionine (SAM) as 
methyl donor (Axelrod, 1959.) as shown in Fig. 1.1.
1.2 Metabolism and inactivation of catecholamines
The catecholamines are synthesized from L-tyrosine (Fig. 1.2 ) 
in the neurones of the central nervous system, in the axon terminals of
sympathetic postganglionic neurons and in chromaffin cells (Cryer, 1976) .
1 . ■ ■ ■
Because of the existence of a barrier to the escape of unaltered 
catecholamines from the central nervous system, it was believed that 
plasma catecholamines are derived from axon terminals of sympathetic 
postganglionic neurons and from chromaffin cells (Cryer, 1976).
Two enzymes, monoamine oxidase (M/VO) and catechol-O-methyl- 
transferase (COMT) are responsible for most of the metabolic inactivation 
of catecholamines in the body (Fig. 1.3 ; ) . The metabolism of
adrenaline in man was studied by La Brosseetal. (1961) , by following the 
fate of intravenously administered radioactive adrenaline. More than 80% 
of administered adrenaline was excreted as O-methylated metabolites: 
metadrenaline (free and conjugated) 40%, and 3-methoxy-4-hydroxymandelic 
acid 41%. The metabolic pathways of noradrenaline are similar to those 
of adrenaline (Nagatsu, 1973). Although there are quantitative 
differences in the excretion patterns of urinary metabolites of injected 
catecholamines compared with those of endogenous metabolites (Sandler 
and Ruthven, 1969a), these observations indicated that O-methylation was 
an important pathway in the metabolism of circulatory catecholamines.
The main tissue sites of COMT are liver, kidney and spleen (Axelrod and
FIGURE 1.1 Enzymatic O-methylation of noradrenaline with SAM and COMT
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FIGURE 1,3 Metabolic pathway for adrenaline and noradrenaline
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Tomchick, 1958). As a neuro transmit ter, noradrenaline in sympathetic 
neurones is metabolically inactivated mainly by MAO (Kopin, 1972). The 
metabolite product (3,4-dihydroxy mandelic acid) is then O-methylated 
either in the tissue or the liver by COMT. This is reflected in the 
relatively larger amounts of endogenous ^^••^fei^i-^^i.'oxymandelic 
acid found in urine as compared to NM and M (Axelrod, 1975).
Phenols are detoxicated in animals mainly by conjugation of the 
hydroxyl group with glucuronic acid or with sulphate. Catecholamines 
and many of their metabolites are phenolic, and both glucuronides and 
sulphates of these substances are formed (Shaman, 1975). Conjugation 
of catecholamines and their metabolites with sulphate seems to be the.. 
predominant reaction in man (La Brosse and Mann, 1960; La Bross&et al-, 1961).
In addition, the action of noradrenaline as a neurotransmitter is terminated 
by re-uptake by nerve terminals (Hertting and Axelrod, 196 1), and into certain 
non-neuronal tissues such as cardic muscle or smooth muscle (Iversen,
1972), besides the removal by the circulation and subsequent metabolism 
by COMT and MAO (Axelrod and Weinshilboum, 1972).
1.3 Biological actions of catecholamines
As hormones, catecholamines are regarded as ’emergency hormones’ 
which help to maintain homeostasis in the face of change in the external 
environment (Robison et al., 1972). They have a wide variety of effects.
Many of these, although not neurotransmission, are due to stimulation of 
adenylate cyclase in target tissue which will lead to the formation of 
cyclic 31,5 ’ adenosine monophosphate c CAMP as a second i messenger 
(Table 1.1).
TABLE 1.1 Tissue capable of forming cAMP and 
hormones that control its formation 
(Sutherland et ah, 1965)
Tissue . Hormone
Brain Catecholamines
Skeletal muscle • t»
Heart jt
Liver Catecholamine, Glucagon
Epididymal fat Catecholamines 3, ACIH
Lung Catecholamines
Spleen M
Adrenal cortex ACIH
Kidney Vasopressin
1.3.1 Metabolic actions of catecholamines
In the liver catecholamines can modify the metabolism of 
carbohydrates, like glucagon, by causing a T glycogenolysis ’ and 
subsequent hyperglycaemia (Fig. 1.4).
Catecholamines can also modify the metabolism of lipids and protein 
in the liver and can, moreover, modify the synthesis of certain enzymes 
like tyrosine transaminase and serine dehydratase (Himms-Hagen, 1972).
In adipose tissue catecholamines stimulate mobilization of free 
fatty acids from triglycerides. (Robison et al., 1972).
In smooth and skeletal muscle, the principal*; consequence of 
catecholamine action is the breakdown of the two main storage materials, 
glycogen and triglyceride (Himms-Hagen, 1972).
FIGURE 1
ATP
_4 Sequential reactions in liver in hyperglycaemia induced 
by catecholamines or by glucagon (Moran, 1975)
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In the pancreas, catecholamines inhibit the release of insulin, so 
the glucose released from the liver tends to be shunted to the central 
nervous system. This is important because the brain, unlike many 
peripheral tissues, is highly dependent upon glucose as an energy source 
(Robison et al., 1972).
1.3.2 Actions of catecholamines on individual tissues
The HEART has a positive inotropic response to catecholamines which 
is characterised by an increase in the rate of tension development, a 
decrease in the duration of the active state, and a more rapid rate of 
relaxation. Also, catecholamines increase the rate of myocardial 
contraction as well as the force of each individual beat (Robison et al., 
1972).
On BLOOD VESSELS noradrenaline exerts an overall vasoconstrictor 
effect, whereas adrenaline exerts, in general, an overall vasodilator 
effect with some exceptions. So both hormones lead to an elevation of 
blood pressure, more marked in the case of noradrenaline,as a result of 
their action on the heart and blood vessels (Grodsky, 1973).
SALIVARY GLANDS respond to the action of catecholamines by increasing 
their secretion of amylase (Himms-Hagen, 1972).
GASTROINTESTINAL SYSTEM. Catecholamines affect directly or indirectly 
almost every aspect of gastrointestinal function. They have been shown to 
influence motility, blood flow, secretion, absorption, and activity of 
enteric neurones (Furness and Bumstock, 1975).
BLEEDING TIME. Catecholamines have the effect of shortening the 
bleeding time. This effect is the result of at least three separate 
components which are: peripheral vasoconstriction, platelet aggregation,
and increased rate of production of factor VIII- (Robison et al*, 1972).
Noradrenaline and dopamine are important for normal performance of 
motor activity (L$oyd and Homykiewicz, 1975).
Dopamine, as well as serving as precursor of noradrenaline and 
adrenaline apparently represents an end product of biosynthesis in 
certain portions of the brain such as the coipus striatum as well as the 
lungs, liver and bowel (Gitlow et al*, 1972). Dopamine appears to be a 
major neurotransmitter in the portion of the central nervous system 
associated with the control of movement (Homykiewicz, 1966; Kopin,
1972). .
1.3.3 Neurotransmis sion
Nerve cells, like most cells, contain a high concentration of K , 
and low concentration of Na ions, relative to the concentration of these 
ions in extracellular fluids. The membrane therefore separates two 
compartments with unequal concentration of Na and K . Thus the cells 
have differences in electrical potential across their membranes. The 
cells are said to be polarised. This ’resting potential' in most 
neurons is -60 to -70 millivolts (Bachelard, 1976). IVhen this resting 
state of the nerve cell is upset, e.g. by electrical impulse to the cell 
by means of an electrode, the pulse will cause ’depolarisation’ in which 
the potential changes from -60 mV to -70 mV then overshoot rapidly to 
the extent that the potential may become positive, +10 mV to +30 mV.
This causes an Increase in permeability to Na , which flows into cells, 
followed by a decrease in permeability to Na+, coupled with increased 
permeability to K+, until near electrochemical equilibrium is reached. 
This depolarisation is known as the ' action potential'. The cell has 
the capacity for much repeated depolarisation before its cation balance
FIGURE 1.
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reaches the stage where no further excitation can occur. Once the nerve 
cell has fired, the action potential is conducted along the axon very 
rapidly until it reaches the nerve ending (Fig. 1.5 ). "When the
action potential reaches the nerve ending it causes release of 
specialised chemicals, ’transmitters’, such as acetylcholine or 
noradrenaline from their storage sites (Figs. 1. 5 and 1. 6 ) 
in the synaptic vesicles. The transmitter is released into the synaptic 
cleft and diffuses across it to react with specific receptor- sites on 
the post-synaptic membrane (Figs. 1.5 and 1.6). The result is a change 
in ion peimeability of the post-synaptic membrane (Bachelard, 1976).
*
1.4 Clinical importance of assays for catecholamines and metadrenalines
An altered concentration of catecholamines and their metabolites in 
tissues and body fluids has been reported in a large number of 
pathological conditions. In certain of these the measurement of the 
catecholamines and/or their metabolites has proved to be a useful 
diagnostic tool (Pullar, 1976).
Many tumours are associated with over-production of catecholamines 
or catecholamine metabolites:
Phaeochromocytoma. This is a chromaffin tumour with a resemblance 
to adrenal medullary tissue; 901 of these tumours occur in or about the 
adrenal gland (Gitlow et al., 1972) . It is the commonest of catecholamine 
secreting tumours, and also clinically the most important for it.is one 
of the few causes of hypertension in which a cure is possible (Sandler, 
1976). The clinical suspicion of its presence is based on its 
endocrinological function: hypertension, a hypeimetabolic state or 
paroxysmal symptoms resulting from catecholamine release (Gitlow et al., 
1972).
Phaeochromoblastoma. This is a malignant phaeochromocytoma. It is 
a rare tumour compared to phaeochromocytoma (Gjessing, 1968). It is 
difficult to differentiate from the benign tumour on a histological 
basis, in which case it may be helpful to measure some catecholamine 
metabolites such as homovanillic acid (Sandler, 1976).
Ganglioneuroma. A benign tumour consisting predominantly of well 
differentiated nerve cells and fibres (Gitlow et al., 1972).
Neuroblastoma. One of the most common malignant tumours of child­
hood, consisting of immature undifferentiated neuroblasts (Gitlow et aL, 
1972). ; ;
' ■ ■■
All these tumours produce catecholamines which are more or less 
metabolized within and outside the tumour. The analysis of urinary 
catecholamines and their metabolites is by far the most important group 
of diagnostic tests for the detection of these tumours (Sandler, 1967; 
Gjessing, 1968).
High plasma noradrenaline was reported by Christensen (1973) in 
patients with myxoedema. Also plasma noradrenaline levels were 
significantly higher in patients with cardiac infarction (McDonald et al, 
1969), and in patients with endogenous depression (Louis et al*, 1975).
Emotional stress, such as that suffered by students during 
examinations, has been reported to be associated with high excretion of 
catecholamines in urine (Kujalova et al, 1976). During a race the plasma 
catecholamines of racing drivers becomes elevated (Taggart et al*, 1969). 
Speakers presenting scientific papers also show an elevated plasma 
catecholamine level (Somerville et al, 1971) .
Noradrenaline and adrenaline were elevated in the plasma of patients
during, and two hours after, surgical operations (Halter et al-, 1977) . 
These authors concluded that the increase in plasma catecholamine during 
the operation is not due to anaesthesia, but due to adrenergic activation 
which does occur during surgical stress. Four of the urinary 
catecholamine metabolites, metadrenaline, noimetadrenaline, N-methyl- 
metadrenaline and 3-methoxytyramine, are increased in situations of 
stress caused by operation (Coward and Smith, 1966a).
1.5 Published methodology for assay of catecholamines and metadrenalines
1.5.1 Plasma catecholamines > 
There are two approaches to assaying catecholamines:
(a) Biological assay which is chiefly important nowadays, not as a 
quantitative assay of catecholamines, but rather as a method for 
studying functional aspects of the sympathetic nervous system 
(Kirshner, 1968).
(b) Chemical assay. The recent advances in understanding of the role 
of catecholamines in the body are an outcome of the development of 
sensitive and precise chemical assays for catecholamines and their 
metabolites in biological materials.
Many sources of error in plasma catecholamine measurements have 
been found (Carruthers et al*, 1970), possibly associated with the 
collection of blood, storage of plasma, and actual estimation.
1.5.1.1 Blood collection
The procedure for blood collection critically affects the levels of 
plasma catecholamines (Picotti et al, 1977). Venepuncture can raise the
blood-catecholamine content. Serial blood samples are best taken through 
an indwelling catheter, preferably without the patient’s knowledge 
(Carruthers et al*, 1970). Lake et al* (1976) concluded that accurate and 
reproducible basal values for plasma catecholamines can be obtained in 
blood only if drawn when the subject is resting in a quiet environment 
without significant interruption for a period of 20 minutes after 
insertion of an indwelling venous catheter. They also found that Standing 
for a 5-minute period proved a convenient, reproducible and adequate 
stimulation to noradrenaline and resulted in an elevation of noradrenaline 
levels to 108V above the basal. So a change in position during blood 
collection may be sufficient to alter the plasma catecholamine levels.
Catecholamines are unstable compounds, being highly sensitive to 
oxygen and light, and being spontaneously oxidized in neutral or alkaline 
aqueous solutions. This autoxidation is catalyzed by heavy metal ions 
(Geigy, 1970).
Passon and Peuler (1973) collected the blood with solid reduced 
glutathione as antioxidant. They confirmed an early report by Blaschko 
and Hertting (1971) that ascorbic acid, if used as an antioxidant, can 
serve as. a substrate for catechol-O-methyl transferase and will 
competitively inhibit the methylation of catecholamines when present in 
high concentration in the radioenzymic assay of plasma catecholamines.
Heparin or acia-citrate-dextrose were found by Lake et al-(1976) to 
be equally useful as anticoagulants in plasma catecholamines radio­
enzymic assay.
Plasma, and not whole blood, should be used for assay of catechol­
amines because recovery of catecholamines from whole blood is poor 
(Anton and Sayre, 1972). Plasma should be separated as soon as possible. 
Danon and Sapira (1972a) found that catecholamines may be taken up and
metabolized by red blood cells. Platelets will also take up catechol­
amines (Weil-Malherbe and Bone, 1958; B om and Smith, 1970).
About 50% of the physiological concentration of noradrenaline would be 
bound to protein in plasmaf There are at least two components involved 
in the binding of adrenaline and noradrenaline to plasma protein (Danon 
and Sapira, 1972b). So the deproteinization of plasma prior to assay 
may cause some losses of catecholamines to the protein precipitate. 
Diamant and Byers (1975) noticed that 18 ± 5% (S.D.) of llfC-adrenaline 
or 3H-noradrenaline originally added to plasma was found in the protein 
precipitate obtained by perchloric acid.
jr>"
1.5.1.2 Plasma storage
Plasma should be rapidly frozen without delay. Significant losses 
of catecholamines follow prolonged storage of frozen plasma samples, 
or repeated thawing and freezing (Carruthers et al*, 1970). Dr.M*A* 
Barrand (Personal communication) noticed that nonreproducible catechol­
amine values were obtained from thawed plasma, using radioenzymic assay. 
If plasma is to be frozen, this must be done rapidly.
1.5.1.3 Isolation of catecholamines
,TWhen trace amounts of therapeutic substances or of endogenous 
compounds of comparatively low relative molecular mass have to be 
deteimined, possibly as metabolites, an isolative procedure of variable 
complexity usually has to be applied to the sample initially, whether 
it is of plasma or urine.” (Reid, 1976).
The concentration of catecholamines in plasma is so low (of the 
order of 0.2 ng/ml for N and less than that for A and D) that they must
be concentrated, and interfering substances, including catecholamine 
metabolites, must be removed.
Many methods have been used for the isolation of catecholamines 
from plasma:
(a) Solvent extraction
For a compound to be extracted into organic solvent from an aqueous 
solution, the pH is normally set so that the sample compound is un­
ionised (Reid, 1976). Catecholamines are basic compounds with pKa(NHa):
D = 10.60 (Nagatsu, 1973), N = 9.72 and A = 9.89 (Kappe and Armstrong, 
1965). It is not feasible to extract catecholamines in their un-ionised 
form from alkaline solution owing to their extreme sensitivity to 
atmospheric oxygen in alkaline media. Their extraction in the cationic 
form requires a sufficiently polar solvent such as n-butanol. Generally, 
solvent extraction methods of catecholamines are restricted to analysis 
of tissue extracts (Weil-Malherbe, 1971).
(b) Adsorption on alumina
The adsorption of catecholamines from a weakly alkaline solution on 
alumina is fairly specific and yields a high degree of catecholamine 
purification. It allows the separation of the catecholamines from their 
methylated metabolites including metadrenalines (Weil-Malherbe, 1971).
It supposedly depends on hydrogen binding, involving the vicinal hydroxyl 
groups of the catecholamines.
Anton and Sayre (1972) prefer the batch technique rather than a 
column, because of its convenience and its more consistent results, since 
the problems of channelling, and of inconstant flow rate which is usually 
established by gravity, are eliminated. In their method, the plasma that
deproteinized with perchloric acid is mixed in a beaker with alumina 
while slowly adding sodium hydroxide to take the pH to 8.6. The 
catecholamines are then extracted from the alumina with hydrochloric 
acid. .
On the other hand, Weil-Malherbe (1971) recommends the column 
procedure because of the theoretical and practical advantages over the 
batch procedure. In the column procedure, the adsorbed material 
furnishes a sharp band, which allows separation from impurities. The 
washing and eluting from the column can be carried out more simply, 
more efficiently in less time, with less volume and with better recovery.
Court (1961) used a combined batch and column procedure in which 
the adsorption was performed using a batch technique to expose the 
catechol amines to an alkaline pH for a shorter period of time. For 
elution, the column is preferable as it gives more quantitative elution with 
a small volume of acid.
Kissinger et al* (1975) have used a new technique for the extraction 
of catecholamines from urine with alumina. The urine was deproteinized 
with ammonium sulphate and then it was washed twice with ethyl acetate 
and once with hexane. The alumina was then shaken with urine (pH 8.5, 
containing EUTA and sodium metabisulphate) for 12 minutes. The alumina 
was then separated and washed three times with a phosphate buffer (pH 7).
The alumina was then taken to dryness in vacuo at 40°C for 10 minutes.
The catecholamines were then eluted with acetic acid, followed by a 
HPLC-electro chemical detector. The authors claimed more reproducible 
elution with small volumes of acid.
Lake et al* (1976) in their method for estimation of plasma 
noradrenaline used alumina for the isolation of N from plasma before it
was enzymatically converted to labelled adrenaline by the enzyme PNMT 
and 3H-SAM. Gauchy et ah (1976) found that the presence of aluminum ions
— 5
is a critical factor in COMT activity. Even in the presence of 10 M 
aluminium sulphate, CQMT activity was inhibited. Therefore, if alumina 
is to be used for the isolation of catecholamines from biological samples 
before their O-methylation by enzyme COMT and 3H-SAM, it must be used in 
minimal quantities. /
(c) Ion exchange resins
Ion exchange resins have been used to isolate catecholamines from 
body fluids or tissue extracts. ^
Strong cation exchanger resins like DOMEX-50 or Amberlite-CG-120 
were used by Haggendal (1962) who found that catecholamines are easily 
adsorbed. Iversen (1967) recommended using a strong ion-exchanger for 
the isolation of catecholamines from tissue extracts or other sources 
because they are highly specific.
The weak exchangers have the advantage that it is easy to elute 
the amines from them, but they do not have the retention capacity and 
are more sensitive to electrolyte concentration than the sulphonic acid 
resins (Pullar, 1976).
Weak cation exchanger resins like Amberlite IRC-50 have been used 
by Mattok et al* (1966) where the catecholamines were eluted from the 
resin with boric acid.
An anion-exchange resin was used by Wright (1958) to isolate 
catecholamines from urine. After mixing the catecholamines with boric 
acid, the strong complexes were adsorbed onto DOWEX-2, then eluted with 
hydrochloric acid.
(d) Adsorption by boric acid gel
A new method for isolation of catecholamines from biological fluids 
was published recently by Higa et al« (1977). It involves adsorption of 
catecholamines on boric acid gel at neutral pH and elution with 
hydrochloric acid. Because the elution of catecholamines from the boric 
acid gel was dependent neither on the kind, nor on the ionic strength of 
the ion present,^the procedure was claimed to be considerably superior to 
the alumina method, especially as the deproteinization step can be 
omitted.
1.5.1.4 Methods for estimation of catecholamines
----- - ^
(a) Spectrophotoinetric methods
Colorimetric methods on the whole are too insensitive to estimate 
the catecholamines in the majority of tissues and body fluids. They are 
therefore not used in clinical practice (Pullar, 1976).
However, Mattok et aL (1966) estimated catecholamine in urine by a method 
based on oxidation of catecholamines with iodine to the corresponding 
aminochromes which are then converted to their sodium bisulphate addition 
compounds. The absorbance of the product is then measured at 373-390 nm.
(b) Fluorimetric methods
In their native form, catecholamines fluoresce due to the phenolic 
structure. This native fluorescence is neither specific (Udenfriend,
1964), nor is it very sensitive (Anton and Sayre, 1972).
Two methods are used to convert catecholamines to derivatives 
which have a specific fluorescence:
(i) Trihydroxyindole (THI)
The adrenaline or noradrenaline is oxidized to adrenochrome or 
noradrenochrome. The latter is rearranged to fluorescent adrenolutine 
or noradrenolutine in alkaline solution. Adrenolutine and noradrenolutine 
are unstable in alkaline solutions unless protected from oxidation by 
a suitable reducing agent (Weil-Malherbe, 1971) (Fig. 1.7)-
(ii) Condensation with ethylendiamine (EDA)
Here the catecholamines are oxidized and coupled with ethylene- 
diamine (Fig. 1.8 ) to yield fluorescent derivatives (Callingham,
1975). . ■ ;
Although the fluorescent products of catecholamines formed by the 
EDA method have more stability (Callingham, 1967) and more intense 
fluorescence than those by the THI methods, the EDA condensation is far 
less specific than the THI reaction and hence less useful (Iversen, 1967).
The THI method has been used by many workers to estimate adrenaline 
and noradrenaline individually when both are present in a solution without 
a separation step. One way to do this is by using different pH’s. At 
low pH (about pH 3.0) only adrenaline can be oxidized rapidly, whereas 
at a higher pH (about pH 6.0), both amines are oxidized and by applying 
the THI procedure to two portions of the same solution at the two pH 
values, both adrenaline and noradrenaline can be estimated (Shaiman,
1971) . This method has been used by Court (1961), Anton and Sayre 
(1972) and Weil-Malherbe (1971).
An alternative method for simultaneous estimation of adrenaline and 
noradrenaline depends on the difference in the spectral characteristics 
of the fluorescence of the lutine derived from the two amines. The
FIGURE 1.7 Oxidation and rearrangement of A and N to fluorescent THI 
(Nagatsu, 1973)
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fluorescence is measured at two sets of activation and fluorescence 
wavelengths (Sharman, 1971) . This method has been used by Price and 
Price (1957) and Cohen and Goldenberg (1957).
Pullar (1976) has claimed that dopamine can also be estimated by 
a variation of the THI method as shown in Fig. 1.9#
In many published methods, catecholamines are estimated after 
separation from one another. TLC has been used to separate adrenaline 
from noradrenaline and dopamine by Takahashi and Gjessing (1972). The 
catecholamines are then estimated by the EDA condensation fluorimetric 
method.
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In the method used by Goldstein et al. (1959) catecholamines were 
first converted to their more stable acetyl derivatives. These derivatives 
were then separated by paper chromatography combined with an EDA fluori­
metric method for estimation. Diamant and Byers (1975) describe a 
modified fluorimetric method for estimation of plasma N and A, using 
alumina for isolation, and THI at different pHs. The time, temperature 
and pH of the THI reaction were strictly controlled.
(c) GLC methods
Catecholamines and their metabolites are highly polar compounds and 
have poor volatility. When chromatographed in the free state they often 
decompose or give asymmetric, tailing peaks. Derivative formation is 
necessary for any GLC analysis of these compounds (Wilk et al., 1972).
Urinary adrenaline, noradrenaline and dopamine were separated and 
estimated by GLC as their pentafluoropropionyl derivatives using the 
electron capture detector (Ping Wong et al*, 1973) . Noradrenaline and 
dopamine in mouse brain were estimated by GLC-flame ionization detector
by Maruyama and Takemori (1972).
(d) HPLC methods
Although HPLC literature was lacking at the outset of the present 
study, it has recently been used for the analysis of catecholamines.
Many systems have been suggested: HPLC-ion pair partition chromatography 
(Persson and Karger, 1974), and reverse phase. HPLC on octadecylsilan 
(ODS) as stationary phase with detergent added to the mobile phase 
(Jurand, 1976).
In the analysis of biological samples, reverse-phase HPLC has been 
used for the separation and estimation of the free urinary noradrenaline 
and dopamine (Mell and Gustafson, 1977). However, this method is not 
suitable for the estimation of urinary adrenaline because of its low 
detection (UV) sensitivity.
HPLC with electrochemical detection has been used for the analysis 
of urinary catecholamines (Kissinger et ah, 1975) , and noradrenaline and 
dopamine in brain tissue (Keller et al«, 1976).
(e) Radioenzymatic methods
Radioenzymatic assay of plasma noradrenaline was first described by 
Saelens et al. (1967). It depends on the transfer of the methyl-1 **C group 
from S-adenosylmethionine ' -14C (llfC-SAM) to the primary amino
nitrogen of noradrenaline by the enzyme phenylethanolamine-N-methyl- 
transferase (PNMT). The radioactive adrenaline formed was then isolated 
by paper chromatography and measured by liquid scintillation counting. 
However, its application for analysis of plasma catecholamine was limited 
by its ability to assay noradrenaline only.
Engelman et al. (1968) developed a double-isotvyu- 1 j. . £ ' derivative method
for the determination of total adrenaline and. norad i. -  - •» - i • i•'n line m  biological
specimens. In this method, adrenaline and noradren.-i t  ^ ,
■ 'ne are converted to
their 1 ^ C-metadrenalines by incubation with ltfC-SAM nr^rr ". r"l the enzyme COMT
in the /presence of tracer quantities of 7-3H-noradrc;ii ^
' 'Ime. The F e­
rnet adrenalines are then converted to ^C-vanillin . . ,
* solation and
counting. Recovery of 3H-tracer enables quantitati\/4  ^ *?■' ■. n ’ determination of
catecholamines counted in the original sample.
Since then, many modifications have been 'introdu. , , . .
. Ihhd- into the
Engelman et al. (1968) method. Engelman and Portnoy ( £Qr
the separation of labelled metadrenalines, estimatin,,
" 'tdrenaline and ,,-
noradrenaline individually. In another modificatian i  . ' . '
1 ungle-isotopic,
Passon and Peuler, 1973) , adrenaline and noradrenp 11 A.
,ffb are converted
to their O-methylated analogues in the presence of Oiifj 3h  SAM
followed by TLC separation of the labelled metadrenah, ^J r 11 (Mes. These authors
claimed that their method was more sensitive than i \ \ ti n
1 ngelman et al.
(1968) method , due to availability of 3H-SAM in hl^lu -
y specific activity
compared with that of 1IfC-SAM. Siggers et al. (1970) :
-'P3.jTcl uGCL uilG
labelled metadrenalines by electrophoresis on a thin i
' i-tyer of cellulose,
whilst Callingham and Barrand (1976) did it by paper . 0
1 ’ hromatography.
Two-dimensional TLC also has been used for the sepav y
1 *M «on of labelled
metabolites from each other (Ben-Jonathan and Porto* ^ j t -lt !976) . Peuler and Johnso
(1977) modified the single-isotopic method of Passv\u . i ^  ^’'♦id Peuler (1973) to
allow the estimation of individual N, A and D in p| >... ^  n
1 samples of 50 pi
or less. Other modifications of the method original i ,
by Saelens et al
(1967) have been introduced by Iversen and Jarrott , \
' '! /0) andHenry et al. (1975)
The formed labelled metadrenalines were isola*Vvi
" I; rom the incubation
mixture either by chromatography on cation-exchange ' .
• ’ '* in (Engelman et al>,
1968; Engelman and Portnoy, 1970), or by solvent extraction into 
toluene-isoamylalcohol (Passon and Peuler, 1973; Callingham and Barrand, 
1976; Gauchy et al., 1976; Ben-Jonathan and Porter, 1976; Peuler and Johnson, 
1977). Substantial losses of formed labelled metabolites occurred 
during their extraction by toluene-isoamylalcohol (Ben-Jonathan and 
Porter, 1976).
1.5.2 Urinary metadrenalines
1.5.2.1 Urine collection, storage and hydrolysis
Although metadrenalines are considerably more stable than 
catecholamines, Sandler and Ruthven (1969b) suggested a standardized 
urine collection procedure for analysis of catecholamines and their 
metabolites: urine specimens should be passed directly into 25 ml of 
5 M HC£ previously added to the 24 h collection vessel, and stored at 
4°C or, better, at -15°C.
Metadrenalines in urine which was collected with hydrochloric acid 
and frozen remained essentially unchanged over 3-4 years (Anton and 
Sayre, 1972). Ascorbic acid was used as preservative for urinary 
metadrenalines, 4-hydroxy-3-methoxymandelic acid and 4-hydroxy-3- 
methoxyphenyl glycol (HMPG) instead of acidifying the urine (Gutteridge, 
1968), since the HMPG is not stable in an acid medium (Ruthven and 
Sandler, 1965). ;
Metadrenalines are excreted in human urine mainly as the sulphate 
conjugates, as mentioned in Section 1.2. For their analysis these 
conjugates must first be hydrolyzed by either enzymic action or hot acid. 
Pisano (1960) in his study of metadrenaline conjugate acid hydrolysis 
concluded that best results were obtained when the hydrolysis of urine
was carried out at pH 0.5-0.9 for 20 min in a boiling water bath.
.*•
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When urinaiy HMPG is to^assayed besides metadrenalines, the enzyme 
hydrolysis with sulphatase, after removal of inhibiting sulphate and 
phosphate ions, appeared to be obligatory as acid hydrolysis destroyed 
the HMPG (Ruthven and Sandler, 1965). Gutteridge (1968) used (Jlus^ nlase 
(a stabilized solution of 3-glucuronidase-arylsulphatase) for the release 
of metadrenaline conjugates.
1.5.2.2 Methods of isolation
Unlike the plasma or urinary catecholamine analysis, where the 
catecholamines are isolated by alumina which adsorbs the catecholamines 
but not the metadrenalines, catecholamines have to be eliminated before 
urinary metadrenalines can be determined because they interfere with the 
metadrenalines estimation. The easiest and mildest way of accomplishing 
this is by adsorption on an alumina column (Weil-Malherbe, 1968) .
(a) Solvent extraction
Like catecholamines, metadrenalines are polar basic substances with 
pKa (NH2) for M = 9.74 and 9.56 for NM (Kappe and Armstrong, 1965). 
Metadrenalines extraction from an aqueous solution into an organic solvent 
must be done at alkaline pH so that the metadrenalines are in their 
non-ionic form. The organic solvent must be polar enough to cause this 
extraction.
During his discovery that rat urine contains metadrenalines as 
metabolite products of catecholamines, Axelrod (1957) used an ether- 
isoamyl alcohol mixture at pH 9.0 for the isolation of metadrenalines.
The polarity of solvent was increased as a result of the presence of 
isoamyl alcohol.
Ethyl acetate was used as a solvent to extract metadrenalines from 
urine by Yoshinaga et al* (1961), and by Gutteridge (1968). None of these 
authors reported the efficiency of these solvents for the extraction of 
metadrenalines. _ Anton and Sayre (1966) extracted metadrenalines from 
tissue oi urine with ether, claiming 50% recoveries for M and NM, but 
their method only gave 20-30% recoveries when tried by Weil-Malherbe
(1968). In the method of Sandler and Ruthven (1969b), the urine 
hydro lysate (10 ml) was evaporated to about 1 ml under vacuum at 40°C 
using a rotary evaporator to shift the partition of the metadrenalines 
towards the organic solvent. The pH was then adjusted to 10.0 with a 
borate buffer, and the total volume made up to 2 ml with water. The 
metadrenalines were then extracted twice with 10 ml of isoamyl alcohol 
Butan -l-o 1 was used by Saini (1970) for the extraction of phenolic amine 
including metadrenalines from urine. The author claimed 50-80% recovery 
for M and NM. Coward and Smith (1966b) found that the presence of an 
aldehyde such as n-decyl aldehyde with cyclohexanone as solvent gave 
improved extraction. They used cyclohexanone containing 5% v/v of 
n-decyl aldehyde for the extraction of metadrenalines from urine.
Shoup and Kissinger (1977) isolated metadrenalines from a urine 
hydrolysate by cation-exchange column and then pre-concentrated by solvent 
extraction with organic solvent (ethyl acetate) which was contained in a 
water-miscible solvent (acetone).
(b) Ion-exchange resins
Cation-exchange chromatography has been used widely for the 
isolation/desalting of metadrenalines from biological samples. It is 
more selective than solvent extraction (Shoup and Kissinger, 1977).
A > weak cation-exchanger (carboxylic) resin was used by Pisano (1960),
and by Shoup and Kissinger (1977) for isolation of metadrenalines from 
urine. A strong cation-exchange resin (sulphonic) such as Dowex-50 has" 
been used for the isolation of metadrenalines from urine (Taniguchi et al*, 
1964; Kahane and Vest ergaard, 1969).
Urea was added to a sample before loading onto cation-exchange 
column to suppress non-ionic (adsorption) interaction with the_.exchanger 
matrix. The recovery of metadrenalines from Dowex-50 was improved by the 
addition of urea (Kahane andVestergaard, 1967).
Carboxylic resins have greater ease of elution but are less 
efficient in retention of the amines, and are more sensitive to 
electrolyte concentration. Elution from sulphonic resins requires 
mineral acids at a strength of 1-2 M (Weil-Malherbe, 1971).
If an alkaline eluent, such as 5 M ammonium hydroxide (Taniguchi 
et al*, 1964; Kahane andVestergaard, 1969) is used to elute metadrenalines 
from the cation-exchanger, catecholamines would not survive such high pH 
media. Therefore there is no need for the initial alumina treatment of 
urine.
An anion-exchange resin, Dowex-1, was used successfully by La Bross 
and Mann (1960) for the unusual aim of isolating conjugated urinary 
metadrenalines.
1.5.2.3 Separation of metadrenalines from each, other
The pKa values for M (9.74) and NM (9.56) (Kappe and Armstrong,
1965) are rather close to allow their easy separation from each other by 
cation-exchange chromatography. Consequently isolation of metadrenalines 
conjointly was a popular approach in metadrenalines analysis (Weil- 
Malherbe, 1971; Anton and Sayre, 1972).
Metadrenalines freed from catecholamines were separated, prior to 
quantitation, by.high voltage paper electrophoresis (Yoshinaga et al-,
1961), by TLC (Gutteridge, 1966), or by paper chromatography (Stott 
and Robinson, 1966; Saini,1970). Column chromatography with carboxylic 
cation-exchange resin Amberlite CG-50 was used for separation of 
metadrenalines after their isolation by sulphonic cation-exchange column 
(Taniguchi et al-, 1964). Two columns also have been used for analysis of urinary 
metadrenalines (Kahane and Ves tergaard, 1969). The first column was Dowex-50 for 
concentrating/desalting, and the second was cellulose phosphate column for the 
separation of M from NM.
1.5.2.4 Estimation of metadrenalines
After the elimination of catecholamines either by alumina treatment 
or by alkaline pH sample preparation, metadrenalines were assayed 
conjointly or individually.
(a) Spectrophotometric methods
In general, spectrophotometric methods of estimation of metadrenalines 
are not sensitive enough to detect the low. concentrations of M and NM that 
are normally present in urine (Anton and Sayre, 1972) .
The methods of Pisano (1960) in which metadrenalines are oxidized 
(by sodium periodate) into vanillin and the subsequent absorbance 
measured at 350 and 360 nm, do not differentiate between M and NM.
Matt ok et al- (1966) estimated metadrenalines by measuring the absorbance 
of their amine-sodium bisulphite addition compounds. The colorimetric 
method of measuring the absorbance of diazotized-p-nitroaniline 
derivatives of M and NM has been used for estimation of urinary 
metadrenalines (Yoshinaga et al-, 1961) . However, this colorimetric 
method is not specific for M and NM, whilst it is a common approach for
phenolic compounds in general (Sandler and Ruthven, 1969b) .
(b) Fluorimetric methods
Catecholamines interfere with the fluorimetric estimation of 
metadrenalines and have to be removed (Weil-Malherbe, 1971).
Metadrenalines can be assayed f luorimetrically by reaction similar 
to the THI reaction for catecholamines (Section 1.5.1.4) (Nagatsu, 1973).
The individual M and NM were assayed in parallel by the fluorimetric 
method at two different pHs. At the lower pH, only M can be oxidized, 
whilst the two compounds can be oxidized at a higher pH to give 
fluorescent products. In the Smith and Weil-Malherbe (1962) method the 
two pHs were 3.0 and 8.0, whereas pHs 1.5 and 5.0 were used by Anton and 
Sayre (1966).
Alternatively, metadrenalines were separated from each other before 
their fluorimetric estimation (Taniguchi et al*, 1964). In the method of 
Kahane and Vestergaard (1969), the native fluorescence of M and NM were 
used for their location in the collected fractions from the cellulose 
phosphate cation-exchanger column. Then the THI method was used for the 
estimation of M or NM in these fractions. The.conditions used in this 
method are considered in more detail later in this thesis (Section 3.6.1).
(c) HPLC
At the outset of this study HPLC had not been quoted as a method 
for the determination of urinary metadrenalines. Only recently have 
publications appeared on the use of HPLC for the analysis of metadrenalines 
Work in our own laboratory (Leppard et al-, 1976) is considered later 
(Section 3,9,1 ). Reverse phase HPLC with aqueous eluent has been
suggested by Molnar and Horvath (1976) to be a good system for analysing
catecholamines and their metabolites •
Because of the lack of sensitivity of W  detection for urinary 
metadrenalines, Shoup and Kissinger (1977) used HPLC with an electro­
chemical detector for the analysis of urinary metadrenalines after a 
carefully designed clean-up procedure. This method is considered later 
(Section 3.14).
'.(d) GLC
Metadrenalines like catecholamines are polar substances with poor 
volatility. For their GLC analysis, they have to be converted to 
volatile derivatives.
A GLC method for estimation of the individual urinary metadrenalines 
as their trifluoroacetyl derivatives with electron capture detection was 
developed by Bertani et al* (1970). The efficiency of trifluoroacetylation 
has been further considered by Wilk et al* (1972) . An alternative GLC 
approach has been developed by M.Sandler and colleagues (personal 
communications).
(e) Radioimmunoassay
A radioimmunoassay for free and conjugated urinary metadrenaline 
only was published recently (Lam et al*, 1977), in which antiserum against 
metadrenaline was produced in rabbits by injecting synephrine conjugated 
to bovine serum albumin. The authors claimed that the antiserum produced 
is specific for M and A. The cross-reaction of adrenaline was minimized 
to 1%.
1.5.3 Assay methods for other urinary catecholamine metabolites
A catecholamine metabolite, 4-hydroxy-3-methoxy mandilic acid 
(VM/V), was estimated by a spectrophotometric method which involves the 
oxidation of YMA to vanillin (Sandler and Ruthven, 1961) . VMA and
homovanillic acid were estimated by GLC with capillary column 
Goodwin and Sandler, 1974). Urinary 4-hydroxy-3-methoxy phenylglycol 
has been estimated spectrophotometrically by Ruthven and Sandler (1965) , 
and by GLC by Fellows et al* (1975). Also, GLC has been used for the 
estimation of urinary 3,4-dihydroxyphenyl acetic acid (Weg et al*, 1975) .
1.5.4 General comments on the literature
Dopamine, noradrenaline and adrenaline are secreted from different 
sites; they have different functions and they have many possible 
inactivation and metabolism pathways (see Sections 1.1, 1.2 and 1.3).
It is therefore important to examine the assayed values for each one of 
the catecholamines and their metabolites rather than the total values.
Before the introduction of radioenzymic methods for the estimation 
of plasma catecholamines, which was described by Engelman et al* (1968) , 
only fluorimetry offered any hope of providing a real estimate of 
normal amounts of catecholamines. The EDA method is more sensitive than 
the THI method but it is less specific (Weil-Malherbe, 1968; Callingham,
1975). Fluorimetric methods have been used with success for urinary 
estimation (where the levels are much higher) , but they are at the limits 
of their sensitivity when used for plasma estimation (Fluck, 1972). Also 
the need for large volumes of blood made repeated sampling difficult and 
precluded studies on babies and young children (Callingham and Barrand,
1976).
In many fluorimetric assay procedures (Court, 1961; Kahane and 
Vestergaard, 1967; Weil-Malherbe, 1971), the internal standards are 
prepared by adding standard M or NM to column eluate. This does not 
compensate for losses occurring during the isolation step which may be 
considerable (Ping Wong et ah, 1973).
Many common dietary and therapeutic agents such as coffee, tea, 
ampicillin and Vitamin B are reported by Carruthers et al* (1970) to 
cause interfering fluorescence in vitro, so they are liable to interfere 
with catecholamine estimation (Fluck, 1972) .
Quenching must be eliminated if determination is to yield meaningful 
quantitative results (Court, 1961).
Impurities from alumina were reported to cause quenching in 
fluorimetry (Anton and Sayre, 1962), and problems with GLC (Ping Wrong 
et al*, 1973) analysis of catecholamines. Also it was reported by 
Gauchy et ah (1976) that the presence of aluminium ions in the eluate 
from alumina could inhibit the COMT enzyme in radioenzymatic estimation 
of plasma catecholamines.
Although GLC could provide a sensitive and specific estimate for 
catecholamines and their metabolites, there are many technical difficulties 
in sample preparation, derivative instability and detector sensitivity 
(Bertani et ah, 1970; Wilk et ah, 1972) ; the incomplete removal of 
derivatising reagents and by-products before introducing the sample onto 
the GLC column (King and Sandler, 1975) . Also losses of catecholamine 
derivatives may occur in (a) the injection system, (b) the column, and 
'(c) the connections between column and detector (Goodwin et ah, 1973).
Ping Wong et ah (1973) noticed in some urine samples that unknown 
metabolites were released by acid hydrolysis and caused interference 
with A and N GLC analysis.
In radioenzymatic methods of estimation of plasma catecholamines, 
the sensitivity of the assay was improved by losing 3H-SAM rather than 
llfC-SAM. This modification, however, required sacrifice of the recovery 
measurement, leaving the precision of single-isotope modification open 
to some question (Cryer, 1976).
None of the radioenzymatic methods and their modifications are 
simple or rapid. They are as tedious and time-consuming as the 
fluorimetric methods (Callingham and Barrand, 1976).
In view of the small percentage of catecholamines excreted unchanged 
in the urine, the urinary excretion rate of catecholamine is unlikely to 
be a sensitive index of catecholamine production (Fluck, 1972).
As the VMA is a common metabolic product of both A and N, its 
urinary analysis is less informative than that of metadrenalines because 
it does not indicate how much of VMA came from A or N. In addition, 
urinary VMA analysis is less reliable than that of metadrenaline as 
a biochemical index for diagnosis of. catecholamine-secreting tumours 
(Sandler, 1964; Anton and Sayre, 1972; Sandler, 1976).
Inherent shortcomings of the Pisano (1960) urinary metadrenalines 
assay, which uses spectrophotometry rather than fluorimetry, are that 
it does not appear to be of sufficient sensitivity to detect the low 
amounts of metadrenalines that are normally present in urine, and it 
cannot differentiate between metadrenaline and normetadrenaline 
(Anton and Sayre, 1972) .
A maj or problem with the ion-exchange methods of isolation of 
catecholamines and metadrenaline from urine is the variable salt content 
of the specimens which affects the reproducibility (Weil-Malherbe, 1971; 
Anton and Sayre, 1972). As is amplified later (Section 3.6.1.), Kahane
and Vestergaard (1967; 1969) circumvented this problem by using two 
columns of ion-exchange resin. Even thoroughly purified strong-exchanger 
resins were found to give off fluorescent material which may interfere 
with subsequent catecholamine determination (Haggendal, 1962).
Fluorimetric methods for the measurement of metadrenalines have 
the same difficulties as those for catecholamines, yet do offer effective 
approach.
Some published methods for urinary metadrenalines and plasma 
catecholamine assay, together with the normal values given by those 
methods, are summarized in Table 1.2.
TABLE 1.2 Normal- values -for urinary metadrenalines (pg/24 h) ana-plasma, catecholamines 'Cpg/ral) given by some published 
methods including some literature which appeared after this study was begun.
Reference Isolation Separation Measurement . NM M Comments
Urinary metadrenalines .
Pisano (I960) Weak cation- 
exchange
(Amberlite CG.50)
No UV absorbance 
of vanillin
Total
<1000
Insensitive
Yoshinge et al. 
(1961)
Solvent extraction 
(ethyl acetate)
High voltage 
paper
electrophoresis
Colorimetric
(diazo)
176
(104-257)
205
(97-245)
Insensitive 
No mention o 
recovery
Smith and
Weil-Malherbe
(1962)
Amberlite CG.50 
after alumina
No Fluorimetry 
at two" pH's
159
(78-369)
72
(28-113)
Estimation
conjointly
Ruthven and 
Sandler (1965)
Anberlite CG-50 No UV absorbance.* 
of vanillin
Total 5C0±140 
(300-800)
Insensitive
Kahane and
Vestergaard
(1957)
Dowex-50, carboxy- 
methyl-cellulose 
then Florex
No Fluorimetry 
at two pH’s
196
(81-392)
130
(41-226)
Time-consumi
estimation
^.conjointly
Kahane and
Vestergaard
(1969)
Dowex-50 Cellulose- 
phosphate -
Fluorimetry .—  . — Time-consumi
Gutteridge
(1968)
Solvent extraction 
(ethyl acetate)
TLC - - ■ Not
quantitative
Bertani et al. 
(1970)
Dowex-50 GLC ECD 162±41
(120-248)
130±58*
(82-205)
Derivatives
analysed
(difficultie:
Shoup and 
Kissinger (1972)
Cation-exchange 
and solvent 
extraction
HPLC
reverse phase
Electrochemical
detection
258±80
(105-554)
174±79
(74-297)
Time-consumi
Lam et al.(1977) R a d i o i m m u n o a s s a y 17±11
3-42
For M  only
Plasma catecholamines N A
Price and Price 
(1957)
Alumina No Fluorimetry' (at 
different wave­
length)
200±120
(180-350)
100+100
(00-250)
Estimation
conjointly
Anton and Sayre 
(1966)
Alumina ' No Fluorimetry 
at two pH's
970 480 Estimation
conjointly
Engelman and 
Portnoy (1970)
Double-isotope radioenzymatic 200
(100-370)
50
(0-110)
Less sens iti\ 
than single­
isotopic
Pedersen and
Christensen
(1975)
Double- isotope radioenzymatic 254
(80-750)
48
(0-190)
Less sensiti^ 
than single­
isotopic
Czyer (1976) Single-isotope radioenzymatic 234±81
(102±406)
35±18
,(8±103)
No correctioi 
for losses
Peuler et al. 
(1972)
Single-isotope radioenzymatic 279±169
(111-603)
23+19
(0-62)
D = 34 31 
(0-85)
*
It was considered that daily urinary excretion of creatinine is 1.4 g.
1.6 Charcoal
1.6.1 Historical aspect
The decolorizing properties of wood charcoal were first reported by 
Lowitz (1786) who found that charcoal adsorbed putrid odours and odours 
of many organic compounds. He succeeded in removing colouring matter 
from solutions of tartaric acid (Cit: Deitz, 1944). A few years later, 
wood charcoal was employed to purify cane sugar (Cit: Hassler, 1974) .
To demonstrate the efficiency of charcoal in adsorbing various substances, 
Tovery (1830) swallowed several times the lethal dose of strychnine 
together with 15 g of charcoal. He remained unaffected. In 1846 Garrod 
found charcoal to be an effective antidote to ingestion of opium, 
morphine, aconite and other drugs (Annotation: Bri. Med. J., 1972).
During World War II, when adsorption-desorption provided the only 
immediately available method of isolation in the large-scale production 
of penicillin, charcoal was extensively used for this purpose. The 
penicillin was adsorbed into charcoal and eluted with 80% acetone 
(Hassler, 1967).
Tiselius (1941), who was a pioneer in the use of charcoal for 
separation purposes, outlined the usefulness of charcoal for adsorption 
analysis of amino acids and peptides. He concluded that a difference in 
only one -CH2 group is sufficient to cause a marked difference in 
adsorption of the amino acids. The increasing interest in the use of 
charcoal in the medical field is presented in the leading article 
’’Activated charcoal rediscovered'^was published as an annotation in the 
Bri. Med. J. (1972).
1.6.2 Adsorption
In a solid, atoms and molecules are held by cohesive forces that 
range from strong valence bonds to relatively weak Van der Waals forces 
of attraction. Molecules in the interior of a solid are completely 
surrounded, consequently their attractive forces are satisfied on all 
sides. The attractive forces do not cease abruptly at the surface, 
rather they extend outwards and can capture wandering solute molecules 
causing the adsorption phenomenon (Hassler, 1974). The forces radiating 
from solid surfaces do not act alone; they join with attractive forces 
from the solute molecules, and the combined attractions cause the 
adsorption affinity (Hassler, 1974).
■
Activated charcoal (where the non-carbon elements such as hydrogen 
and oxygen are removed) contains a myriad of micropores, whose surface 
areas may range from 400 to over 1800 m2/g in the various commercial 
brands of charcoal (Hassler, 1974).
The adsorption capacity of a given charcoal for a compound relates 
to many variables:
(i) Nature of the charcoal. Is it of animal or vegetable origin? 
Internal and external surface areas, and pore size (Herbert 
et af, 1968).
(ii) The adsorbate. The attraction of charcoal for adsorbate;
solubility of adsorbate in the solvent, competition for the 
interface in the presence of multiple adsorbates, molecular 
size of adsorbates in the system, and the concentration of 
adsorbates (Hassler, 1974).
(iii) The medium in which the adsorption takes place, and the 
attraction of the charcoal for solvent.
The pH of the medium has a great effect on. adsorption of molecules 
by charcoal. Tiselius (1941) found that retardation volumes of mono­
amino dicarboxylic acid and the diamino mono-carhoxylic acid depend 
strongly on pH. Kipling (1948) found that the adsorption of acetic acid 
and n-butylamine on charcoal takes place only with the undissociated 
molecule. He concluded that the variation of degree of adsorption with 
pH is a function of electrochemical properties of the solution only, and 
does not depend on a change in the nature of charcoal surfaces. Porath 
and Li (1954) found that molecular charge exercises a very marked 
influence in the case of aromatic amines, which are strongly adsorbed in 
basic and neutral solution but weakly in acid media. They found the same 
effect with amino acids and polypeptides. It is thus possible to increase 
or decrease the adsorption of such charged compounds by changing the pH. 
However, the adsorption of non-ionic compounds is not affected by pH 
(Zief, 1977).
During separation of some amino acids by adsorption on charcoal, it 
was noticed that some amino acids may decompose during adsorption 
(Warburg and Negelein, 1921) . Two types of decomposition occurred with 
such amino acids: one is a complete oxidation of amino acids to carbon 
dioxide, water and ammonia; the other type of decomposition involves the 
hydrolysis removal of the amino group (aminolysis) from amino acids 
(Wachtel and Cassidy, 1943).
1.6.3 Isolation of biochemicals by charcoal
Tyrosine, phenylalanine and tryptophan can be separated from other 
amino acids by adsorption onto charcoal on account of their high adsorption 
affinity (Tiselius, 1941). These compounds can be displaced by various 
compounds which have greater tenacity for charcoal, such as benzyl alcohol
(Hall and Tiselius, 1951).The adsorption of fatty acids, aliphatic alcohol, 
sugars, amino acids and peptides onto charcoal have been studied by 
Hagdahl et al. (1952). Separation of saturated and unsaturated fatty 
acids has also been studied by Cason and Gillies (1955). Folic acid has 
been isolated from crude preparation of spinach by adsorption-desorption 
onto charcoal (Mitchell et al. j 1944). Charcoal was used for
isolation of pyrimidines, including orotic acid, from protein-free rat 
liver homogenates. The pyrimidines were then eluted from charcoal by 
ethanolic-ammonia prior to their separation by paper chromatography 
(Wu and Wilson, 1956). Sugars were isolated and separated by adsorption 
onto charcoal. The adsorbed sugars were then eluted from charcoal as 
borate or molybdate complexes (Barker et al*, 1955; 1957).
Charcoal has been used successfully to isolate drugs from body 
fluids. From urine, various drugs such as cocaine, glutethimide, 
morphine and amphetamine have been extracted by charcoal. These drugs 
are then eluted from the charcoal by methanol containing hydrochloric 
acid (Hin. dmarsh et al., 1975). From serum, plasma or blood, neutral, 
acidic and basic drugs have been isolated by charcoal prior to GLC 
analysis (Butler, 1974). Toxic drugs such as paraquat have been removed 
from blood by haemoperfusion over charcoal (Maini and Winchester, 1975) . 
Holt and Holz (1963) described charcoal as possibly the most valuable 
single agent in the treatment of poisoning. These applications for charcoal 
indicate that some sort of selectivity can be achieved by charcoal adsorption.
1.6.4 Coated charcoal
However,specificity and problems of elution are the chief difficulties 
arising from using charcoal as a solid phase for extraction of trace 
substances from biological fluids. There are a number of ways to 
overcome these difficulties, thus improving the charcoal selectivity:
(i) Reducing the number and/or the strength of some adsorption 
centres, especially the irreversible adsorption processes which occur on 
active sites of the charcoal surface. This can be achieved by coating 
the charcoal, which can affect its specificity. Asatoor and Dalgliesh 
(1956) concluded that the pretreatment of charcoal with aliphatic 
substances makes the adsorption of aromatic substances on charcoal 
looser and reversible; the adsorbed substances can then be conveniently 
removed by elution with aqueous phenol.
In their study of the effect of coating the charcoal on the 
adsorptipn-desorption of amino acids and peptides, Hagdahl et al* (1952) 
concluded that the coating of charcoal will affect the equilibrium, _ 
and the differences between some members of the amino acid series are 
greatly enhanced,
(ii) Change of the adsorbed compound to less adsorbable form. 
Adjustment in pH is sufficient to elute some adsorbed substances. 
Adsorbed organic acids and bases are converted to less adsorbable form 
by suitable pH adjustment (Hassler, 1974) (see Section 1.6.2).
(iii) Use of an eluent which has sufficient attraction for the 
adsorbate to pull it away from charcoal (Hassler, 1974), or use of a 
liquid phase which is itself very adsorbable and can displace previously 
adsorbed substances. Asatoor and Dalgliesh (1956) used aqueous phenol 
to desorb aromatic compounds from coated charcoal.
1.6.5 Coated charcoal as a solid phase for separation
Stearic acid coated charcoal has been used for isolation of amino 
acids and peptides (Synge and Tiselius, 1949). Hexanol-coated charcoal
has been used by Hagdahl et al.(1952) for separation of alcohols, amino 
acids and peptides. Insulin and adrenocorticotropic hormones have been 
isolated by decanol-coated .charcoal (Porath and Li, 1954). Octadecyl- 
amine-coated charcoal has been used for separation of 2-14C-indole and 
metabolites from rat urine (King et al*, 1966).
Herbert (1968) summarised a variety of uses for coated charcoal 
in radioimmunoassay of insuline, growth hoimone, placental lactogen, 
thyroxine, corticosteroids, angiotensin and TSH.
Charcoal coated with a biocompatible polymer has been used by 
Gazzard et al* (1974) for the haemoperfusion in treatment of hepatic 
failure. The coating has allowed specific removal of some amino acids' 
which are known to be involved in the pathogenesis of hepatic failure, 
such as phenylalanine, tyrosine and methionine.
1.7 The aims of this study
To date there have been no standard or widely practised assay 
methods for individual (as. distinct from total) urinary metadrenalines 
or plasma chatecholamines in noimal subjects, or even in some abnormal 
cases where, as might occur in stress situations, the catecholamines 
and their metabolites are elevated only slightly above the basal 
levels.. Among investigators attempting such an assay task, the method 
is still a matter of personal choice in the individual laboratory. 
Published assay methods for these substances are not only tedious, 
time-consuming and unsuitable for routine analysis, but also have <r~ 
commonly been reported without comparison with previous methods. Not 
surprisingly, the.normal values for plasma catecholamines and urinary 
metadrenalines given by the various methods vary widely (Table 1.2).
Any improvement in the methodology for catecholamines and metadrenalines 
has to take into account the sample preparation procedure, usually 
including a separation step as well as estimation. Such a study has 
now been undertaken. In particular, for the sample preparation of 
metadrenalines, there has been neglect in the literature of the 
possible usefulness of an adsorption-elution step, with an agent such 
as charcoal. Thus it was decided to investigate the possible 
usefulness of charcoal-adsorption for metadrenaline isolation.
HPLC possesses significant advantages over other separation/ 
detection methods in terms of its speed and resolution, and is 
potentially of adequate sensitivity. Moreover, in contrast with GLC 
it is often not necessary to resort to derivatization in order to 
achieve these advantages. However, a routine method for HPLC
determination of urinary metadrenalines or plasma catecholamines 
necessitates an efficient sample preparation method. The present 
study was therefore undertaken with the dual purpose of developing an 
efficient sample preparation method and an HPLC separation and 
detection system for urinary metadrenalines and plasma catecholamines. 
Hie ultimate aim was that the routine assay of these compounds might 
be rendered simpler, quicker, and more reliable.
2. MATERIALS AND GENERAL METHODS
2.1 Materials
Unless otherwise indicated, all chemicals and solvents were either 
’ANALAR1 or the purest grade available.
The unlabelled catecholamines and their metabolites were purchased 
from Sigma: L-adrenaline (batch 00550), stored at -20°C over silica
gel; L-noradrenaline, free base (batch-0179), also stored at -20°C 
over silica gel; dopamine-HCL (batch 1670); DL-metadrenaline-HCL 
(batch 2710): DL-normetadrenaline-HCL (batch 2830); 3-methoxytyramine-
HC& (batch 1121-9). The latter four compounds were stored over silica 
gel at 4°C.
Stock standard solutions of these compounds (1 mg/ml) were prepared 
in 0.01 M HC£. Catecholamine solutions were stored at -20°C, whereas 
other solutions were stored at 4°C.
DL-[7-3H] adrenaline-HCL was purchased from the Radiochemical 
Centre, Amersham (batch 8, specific activity 14.3 Ci/m mol, purity 99%). 
DL-metadrenaline-7-3H was obtained from New Ehgland Nuclear, 
Massachusetts, USA (batch 766-059, specific gravity 4.66 ci/m mol; the 
rate of decomposition was quoted as less than 1% per month when stored 
in 0.1 M acetic acid at 5°C. DL-normetadrenaline-7-3H was purchased 
from New England Nuclear, Massachusetts, USA (batch 769-053, specific 
activity 4.7 Ci/m mol, rate of decomposition approximately 2% per 
month when stored in 0.1 M acetic acid at 5°C.
2.2 Measurement methods
Absorptiometric measurements (UV and visible) were performed with 
a Unicam SP 1800 ultraviolet spectrophotometer, using a 1 cm light path 
cell. Tritium activity was' measured in a Packard 3003 scintillation 
counter.
2.2.1 Fluorimetric measurement of metadrenalines
All glassware used in fluorimetry was cleaned with nitric acid.
It was soaked overnight in SO I nitric acid, rinsed with water and 
oven dried.
All water used in fluorimetry was glass double distilled water, 
which was then filtered through a sintered glass filter funnel 
(porosity 4).
M and NM were estimated individually by the fluorimetric method of 
Smith and Weil-Malherbe (1962). A standard solution of M or NM of 
0.5 yg/ml was prepared by diluting the stock solution of 1 mg/ml with 
water.
Tris [ (hydroxymethyl) aminoethane] buffer (Sigma, Trizma batch 5340)
1 M solution was prepared and the pH adjusted to 8.0 with 2 M HC£
(kept at 4°C).
A stock solution of 0.1 M iodine was prepared by dissolving 1.27 g 
iodine and 25 g of potassium iodide in water, and diluting to 100 ml 
with water. The solution was stored at 4°C. Prior to use, 5 ml was 
diluted to 100 ml with water (0.02 M iodine solution).
Alkaline ascorbate was prepared by mixing immediately before 
use nine parts of 5 M sodium hydroxide with one part of 2% w/v freshly
prepared ascorbic acid solution. .
To 1.5 ml fractions containing M or NM, or blank, 0.5 ml of tris 
buffer was added. For spiking, 0.25 ml of standard M plus 0.25 ml 
water,or 0.5 ml of standard NM or . 0.5 ml water was added to three 
fractions marked ’spiked M ’, ’spiked NM1 and 5unspiked’ respectively. 
Then 0.15 ml of 0.02 M iodine solution was added and vortexed. After 
exactly 1 min 0.5 ml of alkaline ascorbate was added and vortexed. The 
fluorescence was then measured after 1.5 hours on a Locarte filter 
fluorimeter with excitation filters transmitting over the range 
388-449 nm, and emission filters transmitting over the range 450-520 nm
2.3 Shaking and centrifugation
Shaking for solvent extraction and for extraction of M and NM 
from charcoal or silica gel was performed at room temperature using a 
home-made shaker. All centrifugation, except for separation of plasma 
from blood which was done at 4°C, was performed at room temperature at 
3000 rpm using an MSE Multex bench centrifuge.
2.4 Charcoal
Usually the charcoal used was Merck ’Charcoal activiated GR’
(batch 4123033). Other charcoals were Sigma activated untreated powder 
(batch 0100), and Fisons charcoal decolourising powder (batch 12).
(a) Acid washing of charcoal
To wash out impurities which may be in charcoal, it was washed 
according to Vogel (1956)., About 200 g of charcoal was boiled with 
6 M HC& for about 3 hours. ’ The mixture was then diluted to 4 1 with . 
boiled water and was filtered through Whatman No. 1 filter paper 
supported on a Buchner funnel. The charcoal was then washed repeatedly 
with boiling water until the filtrate was no longer acidic. The 
charcoal was well drained and dried in an oven at 250°C overnight.
(b) Coating of charcoal
The charcoal was coated with either stearic acid, octadecane or^" 
octadecylamine according to the method of Asatoor and Dalgliesh (1956). 
Fifty ml of a 1.5-6 w/v solution of coating agent in absolute ethanol 
was added to '15 g of charcoal. The suspension was stirred for 1 h using 
a magnetic stirrer. The suspension was then diluted with water ta 
500 ml while stirring. The charcoal was collected on a Whatman No. 1 
filter paper supported on a Buchner funnel. It was then washed with 
500 ml of water, and air dried at room temperature.
Mien paraffin wax was used as a coating agent, 50 ml of II w/v 
paraffin wax in light petroleum was added to 10 g charcoal. The 
suspension was stirred for 1 h using a magnetic stirrer. The 
suspension was then filtered off on a Whatman No. 1 filter paper. The 
charcoal was suspended in 40 ml of ethyl acetate, again filtered off, 
and suspended in 40 ml of water then filtered off and air dried at 
room temperature.
(c) Drying down the acidic methanol eluate
Before further separation by TLC, HPLC or column chromatography 
on cellulose phosphate, the acidic methanol eluate from charcoal was 
taken to dryness with a rotary evaporator at about 50°C, or sometimes 
with a stream of nitrogen at about 50°C.
2.5 TLC ' ' . ;
Pre-coated TLC plates were obtained from Merck. The materials 
were applied quantitatively to the plate as either a spot or a streak 
using a micro-syringe. A stream of cold air was usually used for r^. 
drying the spots on the plate.
At least 2 h before the chromatogram was run, two sheets of 
■Whatman No. 1 filter paper were placed on the internal walls of the 
developing tank. About 50 ml of the solvent was poured over all the 
paper in the tank and the remaining solvent (100 ml) poured into the 
bottom of the tank. The tank was then closed and left for saturation 
of the atmosphere with the solvent vapours.
(a) Purification of labelled materials by TLC
Silica gel (plastic-backed) TLC plate was used for purification of 
labelled catecholamines or metadrenalines with a developing solvent 
containing butan-l-0£-glacial acetic acid-water, 4:1:1 by volume. The 
materials were applied on the plate as a streak. Two spots of 
sufficient unlabelled material (2 yg), to be visualized by the locating 
reagent, were applied beside the streak. After developing, the 
chromatogram was dried with a stream of cold air. The strips containing
the unlabelled materials were then cut off the chromatogram and sprayed 
with location reagent. The position of radioactive materials was 
located by the position of-the unlabelled material. The silica gel 
containing the radioactive materials was scraped off, and the 3H- 
labelled compound eluted with 0.1 M acetic acid by shaking for 15 min 
followed by 5 min centrifugation.
(b) TLC spray reagents
(i) .Amino phenazone This spray reagent was prepared according to 
Gutteridge (1968). The plate was first sprayed with a 3! solution of
4-amino phenazone in 50% methanol, then oversprayed with a solution 
consisting of 100 ml of 10% w/v potassium ferricyanide and 10 ml of 
401 w/v sodium hydroxide.
(.ii) Diazotized p-nitroaniline (Stott and Robinson, 1966).
The preparation of this reagent is described later (Section 3.1.1(c)).
The TLC plate was first sprayed with a solution of 10! w/v sodium 
carbonate, then oversprayed with diazotized p-nitroaniline.
(iii) Potassium ferricyanide-ethylene diamine fluorescent reagent 
was prepared according to Takahashi and Gjessing (1972). One ml of ethylene- 
diamine was diluted to 5 ml with H20. After 10 min, 0.2 ml of freshly 
prepared 10! w/v potassium ferricyanide was added and the volume taken 
to 10 ml with methanol. The TLC plate was sprayed with this reagent 
(prepared immediately before use), and left in an oven at 50°C for 
30 min. The fluorescent spots were identified under UV light.
2.6 Ion-exchange column chromatography
2.6.1 Strong cation-exchanger (Dowex-50)
Dowex-50 (Mesh 100-200 , 50 x 2-200 H foim strong cation exchanger,
batch 80C-1248) was purchased from Sigma.
(a) Dowex-50 treatment
The Dowex-50 was treated according to Taniguchi et ah (1964) 
before being used for metadrenaline sample preparation. The resin 
(500 g) was soaked in 2 1 of water overnight. The water containing 
the fines was decanted. More water was added and well mixed using a 
glass rod. The resin was left to settle. The water containing the 
fines was again discarded. This step was repeated until no more fines 
remained in the water. The resin was then transferred to a glass 
column and washed with 1 litre of 4 M HCL, then with water until the 
pH of the effluent was about 5. The resin was then washed with 2 1 of 
2 M sodium hydroxide, then with water until the effluent pH was about 6, 
then with 2 M ammonium hydroxide, then with water until the pH of the 
effluent was less than 6. The resin was then converted to the H form 
by washing with 1 litre of 4 M HC£, followed by water until the pH of 
the effluent was about 5. The resin was then removed from the column
and stored with an equal volume of water at 4-5°C.
(b) Column preparation
The Dowex-50 column was prepared according to Kahane and Vestergaard 
(1967) . Pre-washed Dowex-50 was put into a glass column (250 x 24 mm) 
to a height of 80 mm. The resin was then washed with 1 litre of 1 M
ammonium acetate, pH 6.0, and with 250 ml of water, after which it was 
ready for loading of the urine sample.
(c) Urine concentrating/desalting with Dowex-50
The pH of the urine hydrolysate (125 ml of urine) was taken to 6.0 
with 5 M ammonium hydroxide, and 5 g of urea was added. The volume was 
then taken to 900 ml with water and the urine was loaded onto a Dowex-50 
column. The flow rate was adjusted to 3 ml/min. The resin was washed 
with 100 ml of degassed water, followed by 100 ml of degassed 50% v/v 
methanol-wateri M and NM were eluted from the Dowex-50 with 25 ml of 
0.88 airunonia-methanol (1:3 v/v) without disturbing the resin. The flow 
rate was adjusted to 0.5 ml/min. The resin was then drained, using a 
rubber teat from a pasteur pipette, to remove the last eluate remaining 
in the column. The eluate was divided into five equal portions, each 
one representing 25 ml urine. A small portion (0.5 ml) was taken for 
recovery of 3H-metadrenalines . The divided portions of the eluate were 
taken to dryness in a vacuum dessicator at room temperature. If left in 
the undried state overnight they were usually stored over P2O5.
2.6.2 Anion-exchahger (Dowex-1)
Dowex-1 x 10 was obtained from the Dow Chemical Company, USA 
(batch 3807, Mesh 200-400) . A column of 50 x 12 mm was prepared 
according to Hurlbert et al. (1954). The dried-down urine (25 ml) extract 
for the Dowex-50 column was dissolved in 5 ml of 0.1 M ammonium formate 
(pH 6.0) . The extract was loaded onto the Dowex-1 column at 0.1 ml/min. 
The effluent (containing M and NM) was taken to dryness in a vacuum 
dessicator over P205. - The residue was dissolved in 200 yl
methanol and chromatographed by HPLC.
2.6.3 Cellulose phosphate cation-exchanger
P-ll cellulose phosphate cation exchanger (Whatman/Reeve Angel), 
Maidstone; batch 2111795) was used.
(a) Treatment of the cellulose phosphate
Before use for M and NM separation the cellulose phosphate was 
washed according to Kahane and Vestergaard (1969). .
About 100 g of cellulose phosphate was washed several times with 
0.5 M IIC&, until the final supernatant was nearly colourless and most 
of the fines were separated. The y slurry was filtered off and 
washed with a small amount of water on a Buchner funnel. The resin 
was then resuspended in 0.5 M ammonium hydroxide and left for about 
30 min. The resin w<\s filtered off on a Buchner funnel and washed with 
a small amount of water. The pH of the supernatant was adjusted to
6.2 with 0.1 M acetic acid. The ion-exchanger was finally filtered and 
stored in the wet form in a sealed container at 4°C.
(b) Cellulose phosphate column preparation
The cellulose phosphate column was prepared according to Kahane 
and Vestergaard (1969). About 10 g of pre-washed cellulose phosphate 
was suspended in 200 ml of 0.05 M ammonium acetate pH 6.1 buffer 
containing 6 g per litre urea. The suspension was mixed well with a 
glass rod for about 30 min and was then left to settle. If the pH of 
the supernatant was more than 6.1 it was discarded and another. 200 ml 
of buffer was added. This' step was repeated until the pH of the 
supernatant was 6.1. The supernatant was then discarded. A low 
dead-volume plastic column (acrylic, Wright Scientific, Kenly) of
450 x 6 mm (i.d.) was connected to an extension column of 200 x 6 mm
* ■
(i.d.) in order to achieve a more uniform column packing. The ion 
exchanger was poured through a small funnel through the extension 
into the column. About 10 ml of ammonium acetate buffer was pumped 
through the extension column at 0.1 ml/min using a peristaltic pump 
(Schuco Scientific Ltd, London, multi-minipump). The extension was 
then removed. The plunger of the column was then attached to give a 
low dead-volume column. The column was washed with 20 ml of 0.05 M 
ammonium acetate and left overnight.
(c) Separation of M and NM with the cellulose phosphate column
The dried down urine extract (from coated charcoal or Dowex-50) 
was dissolved in 5 ml of 0.05 M ammonium acetate, pH 6.1. If the 
resulting solution had a pH other than 6.1 its pH was adjusted to 6.1 
by adding more buffer. A portion (0.2 ml) of this solution was kept 
for recovery determination. The plunger was taken from the top of the 
column. The column was turned on, and the sample was loaded using a 
pasteur pipette, without disturbing the resin. The flow rate was 
governed by gravity. Three ml fractions were collected using a siphon- 
operated fraction collector (Central Ignition Ltd, London). The extract 
container was then rinsed with 1 ml of buffer and applied onto the 
column. The plunger of the column was then placed on top of the resin, 
and the pump turned on at a flow rate of 0.1 ml/min, to pump 20 ml of 
0.05 M ammonium acetate buffer, pH 6.1. M and NM were eluted from the 
column by gradient elution. The gradient was formed through the 
addition of 50 ml of 0.25 M ammonium acetate buffer to 50 ml of 0.05 M 
buffer. The weak buffer was placed in a round bottom flask with an 
outlet at the bottom connected to the eluting pump. The strong buffer
was added to the weak buffer with another pump whose flow rate was the 
same as that of the eluting pump (0.1 ml/min). Mixing of buffers was 
achieved by a magnetic stirrer placed in the flask.
A portion (0.5 ml) from each of the collected fractions was taken 
for [ 3i I] counting to locate M and NM. The fractions containing M and 
NM and the eluate from between them ( b l a n k  ) were taken for 
fluorimetric estimation of M and NM (Section 2.2.1) .
2.7 HPLC
High pressure liquid chromatography was performed using a Variah 
Aerograph, Model 4200, with solvent programmer attachment. This 
chromatograph employs two constant flow syringe pumps capable of a 
maximum output pressure of 5000 psi for a total volume of 500 ml.
Injections were made on-column by a loop injector (HP Series, 
Valeo Instruments, Texas). All HPLC runs were carried out at room 
temperature. A pre-column (50 mm) was always incorporated in the 
assembly where urinary materials were to be run.
All solutions were filtered through a sintered glass filter 
funnel (porosity 4), then degassed by connection to a vacuum for at 
least 15 min with shaking at intervals.
The UV detector was a single beam variable wavelength ultraviolet 
monitor (Cecil Instruments, Cambridge; CE 212 with CE 213 auto-range 
unit) with which a home-made 8 yl flow cell was used. The detector 
was usually set at 279 run.
All columns and tubing were of 316 stainless steel connected with 
standard stainless steel compression fittings (Swagalok TM, Techmation
Ltd, Middle^*, or equivalent).
All HPLC columns were cleaned before use with the following 
solvents (in order) : (1) acetone; (2) benzene; (3) isopropyl
alcohol; (4) water; (5) 50Vnitric acid; (6) water; (7) acetone, 
then dried with a stream of nitrogen.
The Partisil-SCX (Partisil -10 SCX, 25 cm x 4.6 urn cation
exchange column bonded phase microparticulate) prepacked column was 
purchased from Whatman/Pveeve Angel.
Spherisorb 10 ym ODS (batches NH14/205 and 15/207) was obtained 
from Phase Separations Ltd, Clwyd.
A time-operated fraction collector (Gilson, France) was used for 
collecting fractions from the HPLC column directly into scintillation 
vials. The ’rotate, bounce tap’ method for dry packing of HPLC 
columns was used (Done et ah, 1974). A small funnel was attached to 
the top of the column with rubber tubing. The column was mounted 
vertically and the packing was slowly added continuously while the 
column was rotated and bounced on a home-made machine. The column was 
simultaneously tapped at the estimated packing level using a short 
piece of wood. When the column was full a small amount of the packing 
material was removed from the top and a porous PTFE frit was inserted.
Column slurry packing solvents and methods used for this packing 
method will be discussed later (Section 3.10.2.2). Either the HPLC 
pump or a hydraulic pump capable of a maximum pressure of 6000 psi 
(MinAir, hydraulic pump for HPLC, Standard Fluid Power Ltd) was used 
for slurry packing.
2.8 Plasma catecholamines
(-)-S-adenosyl-L-methionine (SAM) was obtained from Calbiochem 
(batch 310336 3 grade). During this study SAM was purified by Dowex-1 
(anion-exchanger, formate form) column according to Shapiro and 
Ehninger (1966).
S-adenosyl-L-[methyl-3H] methionine was purchased from the 
Radiochemical Centre, Amersham (batch 35, purified by ion-exchange 
chromatography; specific activity 8.9 Ci/m mol; radioactive 
concentration 1.0 m ci/ml; radiochemical purity 991).
Catechol-O-methyl transferase (COMT) was bought from Miles
■jA
Laboratories Ltd (activity 5.0 units/vial = 0.083 units/mg protein, 
batch 675) , and stored in a dry state at -20°C. Prior to use the vial 
contents were dissolved in 1 ml of water.
Other materials Were purchased from Sigma: Tris: Trizma base 
(batch 5340) , reduced gintathione (batch 1220) , pargyline-HC£ (batch 
0018), dithiothreitol (Cleland’s reagent, DTT, batch 0277), and EGTA 
(ethylenglycol-bis-(3-amino-ethyl ether)N,N-1etra-acetic acid, batch 
0085).
All enzyme incubations were carried out in a shaking water bath 
at 37°C. All glass tubes used were silanized by rinsing the inside 
with a solution of 2% v/v dimethyldichlorosilane (Hopkin and Williams 
Ltd, Essex) in chloroform. The tubes were left to dry at room 
temperature, then rinsed with methanol and oven dried.
2.8.1 Assay of CQMT enzymatic activity
The COMT enzymatic activity was assayed according to the method 
used by Miles Ltd. This method was based on the conversion of 3,4- 
dihydroxybenzoic acid to 3 H-0-meth.yl ated derivatives.
The working reagent was a mixture of:
(a) 10 ml solution containing I mM 3,4-dihydroxybenzoic acid, 5 m  M
MgC&2 in 80 m M potassium phosphate buffer, pH 7.8.
(b) 0.1 ml of 6 m M  SAM in 0.01 M acetic acid.
(c) 20 y ci of 3H-SAM.
The enzymatic reaction was carried out by incubation Of 100 yl 
of the working reagent with 10 yl of enzyme preparation at 37°C for 
30 min. The reaction was then stopped by 10 yl of 3 M HC£. The 
0-methylated product was extracted into 0.5 ml of ethyl acetate by 
vortexing for 1 min followed by 3 min centrifugation. From the 
organic layer 250 yl was taken into scintillation vials for 3H-counting
d.p.m. x 4
units/ml enzyme = — -------   XV
specific activity g 
H-SAM(d.p.m./y mol)
v = volume of enzyme used in the reaction system
1 unit = 1 y mol dihydroxybenzoic acid methylated/h/mg
3. METHODOLOGICAL STUDY ON URINARY METADRENALINES
3.1 Measurement method used in this study for M and NM
In all experiments where M or NM were being estimated authentic 
solutions were used because the radioactivity labelled M and NM was not 
available until late in the course of this study.
3.1.1 Absorptiometric methods
(a) IJV absorbance
In some pilot experiments aqueous authentic solutions of M and NM 
containing more than 10 mg/1 were used, and estimations were performed 
directly at 280 nm.
(b) UV absorbance of metadrenalines as periodate oxidation products
After oxidation of M and NM to vanillin by sodium periodate, the 
absorbance of the product (vanillin) was measured at 350 nm (Pisano, 
1960). This method has been used for measuring M and NM in the trial of 
cyclohexanone containing n-decyl aldehyde (Section 3.3.1.2) as a solvent 
for extraction of M and NM (Coward and Smith, 1966c).
.(c) Colorimetric method
A colorimetric method for estimation of M and NM in authentic 
solution was used in the present study, as a result of the observation 
that the sensitivity of diazotized p-nitroaniline spray reagent for 
detecting M or NM on a TLC plate was about 50 ng.
The spray reagent, diazotized p-nitroaniline, has been used by 
Bray et al. (1950) for the detection of phenolic compounds on paper 
chromatograms. This reagent has also been used for the detection of 
metadrenalines on paper chromatograms (Stott and Robinson, 1966), and 
for quantitative determination of urinaiy metadrenalines after solvent 
extraction and paper chromatography (Kraupp et al», 1961; Itoh et al*,.
(i) Chemical aspect
Under suitable conditions diazonium salts react very readily with 
phenolic compounds in so-called coupling reactions, giving coloured diazo 
compounds. The best medium for this reaction is a weakly alkaline 
solution. -The diazonium cation acts as an electrophilic reagent (Packer and 
Vaughan, 1958) .The presence of an electron-withdrawing group - N02 on the 
para position of the diazo compound - makes the diazo of p-nitroaniline 
more electrophilic, and the presence of an electron-donating group - OCH3 
attached to the benzene nucleus - increases the electron density on the 
ring (Knight et al*, 1975). The coupling reaction proceeds as in the 
equation (Vauquelin et al*, 1976).
1962)
N
H
N OH
OCH3
Aik. pH
OCH3
CH-OH N02
II
N
CH2-NH-CH3
(M)
or (NM)
N02
4-(p-nitrobenzyl diazonium) 
Guaiacol
(ii) Reagents and method
To prepare a saturated solution of p-nitroaniline, 5 ml of 
concentrated HC£ was added to 625 mg of p-nitroaniline. The mixture was 
vortexed for 1 min. Then it was made up to 250 ml with water and 
filtered. This solution is stable for up to one year at room temperature.
Solution of 0.5% w/v sodium nitrite was freshly prepared on the day 
it was required.
Solution of 10% w/v sodium carbonate.
(iii) Preparation of diazotized p-nitroaniline
Five nil of the saturated solution of p-nitroaniline was put into a 
25 ml measuring cylinder which was then put in an ice bath. Using a 
pasteur pipette, a solution of sodium nitrite was added drop by drop 
until the yellow colour of the solution disappeared. The volume was then 
taken to 20 ml with ice-cooled water. (This solution must be used on 
the day of preparation and must be kept ice cool.)
(iv) Coupling of M or NM with diazotized p-nitroaniline
Three ml of M or NM authentic aqueous solution was adjusted to 
about pH 9 with 50 yl of 10% w/v sodium carbonate solution or 0.2 M 
NaOH, followed by 0.3 ml of diazotized p-nitroaniline. The mixture was 
vortexed for 10 sec. The absorbance of the purple coloured solution was 
measured at 510 nm (Section 2.2) 30 sec after the addition of the
diazotized p-nitroaniline solution.
(v) Precision, sensitivity and linearity
A precision study has been performed, giving the results presented 
in Table 3.1. .
As little as 100 ng/ml of M or NM can be estimated. But its lack 
of specificity limits its usefulness for urinaiy M and NM analysis. At 
least twenty-three phenolic acids (Armstrong et al*, 1956) and fourteen 
phenolic amines (Kakimoto and Armstrong, 1962) have been identified in 
human urine.
Linearity of the method has been checked over a range of concentration, 
100 ng/ml - 10 yg/ml. It is linear over these concentrations, Figs. 3. la 
and 3.1b. The linearity also has been checked for M or NM in 0.01 M HC£,
0.1 M lO-methanol 1:9 v/v, 0.1 M acetic acid and diethyl ether; it is 
linear with all these solvents.
3.1.2 Fluorimetrie method
The fluorimetric method used for estimation of M and NM is based 
on that of Smith and Weil-Malherbe (1962), in which M and NM separated 
from each other were oxidized at pH 8.0 using iodine (see Section 2.2.1).
3.1.3 Radioisotopic method
The use of a radioactive tracer enables the accurate estimation of 
recovery and is the most convenient method for estimating the recovery 
of endogenous M or NM from urine during the assay. Tracer amounts of 
labelled M or NM were added to urine at the beginning of each experiment. 
The tritium activity was determined using a scintillant containing 
Lissapol (Wood et al., 1975).
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The counts/min are converted to DPM (Disintegration Per Minute) 
using an internal standard in the following way:
(a) The vial containing 3H-M or 3H-NM is counted for at least 
20 min.
(b) The vial is then spiked with 10 yl of 3H - H20 of known DPM
CPM of spiked - CPM of unspiked
Efficiency of counting = 100 x ------------------------------
DPM of 3H - H20
CPM of sample
DPM of 3H-M or 3H-NM. = 100 x — ----------
efficiency
3.2 Urine collection,storage,and hydrolysis
Twenty-four hour urine was collected over 25 ml of 6 M HC£ in a glass 
bottle which was kept at 4-5°C during the collection period. The total 
urine volume was measured and divided into 250 ml portions which were 
stored frozen at -20°C in glass bottles. Prior to use the frozen urine 
was thawed at room temperature; it was then centrifuged for 5 min to remove
any sediment. The removal of this sediment entailed no loss of M or NM
from the urine, as was examined by spiking the urine with 3H-M and 3H-NM 
before freezing, then counting the radioactivity in thawed urine after its 
centrifugat ion.
Hydrolysis of urine, to break met adrenaline conjugates which are 
mainly sulphates in human urine, was carried out by acid hydrolysis 
(Scheme 1).
3.3 Sample preparation •
Prior to estimation, metadrenalines in urine have to be concentrated 
and interfering bioconstituents including catecholamines have to be 
removed. Many approaches have been considered including solvent 
extraction, adsorption and ion-exchange methods for M and NM sample 
preparation.
3.3.1 Solvent extraction
As reviewed by Reid (1976), solvent extraction is the preferred 
approach for the isolation of organic compounds for microassay. In 
contrast with ion-exchange chromatography, solvent extraction is best- - 
performed with compounds in un-ionised form, taking advantage of the 
differences in polarity that govern the choice of solvent (Reid, 1976). 
Many different solvents have now been evaluated for metadrenaline sample 
preparation (see Table 3.2 ). The results are not in chronological
order; hence the apparent diversity of approaches to assessing recovery.
3.3.1.1 Ethyl acetate/saturated sodium sulphate
This system has been used by Gutteridge (1968) for the extraction 
of metadrenalines from urine. For the estimation of the extraction 
efficiency for metadrenalines, authentic solution was used. Ten ml of 
0.05 M borate buffer, pH 10, containing 50 yg/ml of M or NM was taken;
6 g of solid sodium sulphate was then added. The mixture was vortexed 
for 1 min, and the absorbance of this solution was measured at 280 nm.
Ten ml of ethyl acetate was then added. The metadrenalines were extracted 
by shaking for 8 min, followed by 5 min centrifugation. The ethyl acetate 
layer was removed and the extraction was repeated three times. The
decrease in the of the aqueous phase was considered to be due to
metadrenalines being extracted into ethyl acetate.
The extraction efficiency of ethyl acetate for M under these 
conditions was 551, and 54% for NM.
3.3.1.2 Two per cent v/v n- de cy 1 aldeliyde_ in. cyclohexanone
This solvent was suggested by Coward and Smith (1966b) for the 
extraction of metadrenalines from urine. To check whether extraction 
efficiency is indeed good with this solvent for metadrenalines, an 
authentic solution of M or NM was extracted according to the method of 
Coward and Smith (1966c). To 10 ml of 200 yg/ml M or NM in 0.94 M sodium 
carbonate - 0.60 M sodium bicarbonate buffer, pH 10.0, 100 mg of EDTA 
disodium salt was added, followed by 10 ml of 21 v/v n-decylaldehyde in 
cyclohexanone. The mixture was shaken for one hour. After 5 min 
centrifugation, 9 ml of the upper organic layer was taken. The 
metadrenalines were then back extracted from the organic extract with 
10 ml, 5 ml and 5 ml portions of 1 M acetic acid, by shaking for 30 min 
followed by 5 min centrifugation each time. The combined acetic extract 
was taken for the measurements of M and NM through oxidation to vanillin 
(Pisano, 1960). Two ml of the acetic extract was mixed with 2 ml of 4 M 
ammonium hydroxide, followed by 0.1 ml of 2% w/v solution of sodium 
periodate. The absorbance of each fraction was measured at 350 nm.
The efficiency of this solvent for the extraction of M was 40%, and 
64% for NM.
In other experiments more realistic levels were tried: 8 ml of urine 
was spiked with 3H-M or 3H-NM and treated as above. This solvent gave an 
extraction efficiency of 38% for 3H-M and 42% for 3H-NM, these results 
being in disagreement with the 90% recovery claimed by Coward & Smith, 1966b).
Because of its low extraction efficiency, the n-decylaldehyde -
• * -
cyclohexanone solvent was ruled out for sample preparation of urinary 
metadrenalines. .
3.3.1.3 Ethyl acetate/saturated ammonium carbonate
This system has been used by Homing et al.(1974) for the isolation 
of some drugs and their metabolites from urine, plasma and breast milk. 
To estimate its extraction efficiency for M and NM, 10 ml of 10 pg/ml 
authentic aqueous solution of M or NM was saturated with powdered 
anhydrous ammonium carbonate. The M and NM were then extracted with 
two 10 ml portions of ethyl acetate by mixing thoroughly by inversion 
and vortexing for 20 sec. After 5 min centrifugation the ethyl acetate 
extract was taken to dryness using a rotary evaporator below 50°C. The 
residue was then dissolved in water prior to fluorimetric estimation of 
the M or NM.
The extraction efficiency for M was 351 and 8% for NM, and the 
method was therefore discarded as unsuitable.
3.3.1.4 Ethanol/saturated potassium carbonate
Bastos et al. (1970) extracted basic organic drugs into ethanol from 
urine after saturation with potassium carbonate. To investigate use of 
this system for extraction of M and NM, 10 ml of 10 ug/ml M or NM 
authentic aqueous solution was mixed with 1 ml of ethanol. About 12 g 
of potassium carbonate was then added. The contents were immediately 
mixed by inversion and vortexed for 20 sec. The mixture was left to 
stand in an upright position for 5 min and was centrifuged for 3 min.
The ethanol layer which had separated (0.8 ml) was taken off with a
100 pi syringe (Bastos et aL, 1970). The ethanol extract was evaporated 
to dryness using a stream of nitrogen. The residue was dissolved in 
water prior to fluorimetric estimation of M and NM.
The extraction efficiency of the ethano 1-potassium carbonate 
solvent system for M was 29%, and 21% for NM.
3.3.1.5 Chloroform/isopropanol
Aggarwal et al (1974) have developed this solvent for extraction of 
basic drugs from urine. To test the efficiency of this solvent for 
extraction of M and NM, 10 ml of authentic aqueous solution containing 
10 ug/ml M or NM was buffered to approximately pH 9.5 using about 5 g 
of solid buffer of 3:2 w/w mixture of sodium bicarbonate and potassium 
carbonate. The mixture was vortexed for 1 min then centrifuged for 
5 min to separate the excess solid buffer. Eight ml of the supernatant 
was taken. The M and NM were then extracted into 100 pi of 4:1 v/v 
mixture of chloroform and isopropanol by vortexing for 20 sec, followed 
by 5 min centrifugation. From the organic lower layer, 60 pi was removed 
with a 100 pi syringe and evaporated to dryness using a stream of 
nitrogen (Aggarwal et al, 1974).
The extraction efficiency of this solvent was 18% for M and 10% 
for NM.
3.3.1.6 Diethyl ether/saturated KzHPOtt
Dietheyl ether was used by Anton and Sayre (1966) for the extraction 
of H  and NM from urine. To estimate the extraction efficiency of this 
solvent for M and NM, urine was treated according to their method.
Three ml of urine was spiked with 3H-M or 3H-NM. The urine was acid-
hydrolyzed by placing the tubes containing the acidified (p'q 1.0) urine 
in a boiling water bath for 20 min. After cooling in running water, 1 ml 
of 1 M tris buffer was added and the pH was taken to 7.0 with 5 M NaCH.
The urine was then washed with 5 ml of isoamyl alcohol by shaking for 
3 min, followed by 5 min centrifugation. The organic layer and the 
pigmented precipitate which foimed at the interface were discarded.
One ml of 1 M borate buffer, pH 10, was added to the aqueous phase and 
mixed well. Seven g of K^ HPOi* powder was added and vortexed for 20 sec 
to saturate the solution; 15 ml of diethyl ether was then added. The 
mixture was shaken for 10 min followed by 4 min centrifugation. The 
ether layer was transferred to an extraction tube containing 4 ml of 
0.1 M HC£ and shaken for 10 min, followed by 2 min centrifugation, and 
the ether layer was then discarded. The acid layer was buffered with 1 ml 
of 1 M borate buffer, pH 10, and well saturated by adding 9 g of K2HPO4 
powder and vortexing for 20 sec. Fifteen ml of diethyl ether was then 
added and the solution extracted by shaking for 10 min followed by 4 min 
centrifugation. The M and NM were extracted from the ether layer with
1.5 ml of 0.01 M HC& by shaking for 10 min and centrifuging for 2 min.
The acid phase was taken for 3H-M and 3H-NM counting.
The overall recovery was 7% for 3H-M and 8% for 3H-NM, compared 
with 50% quoted by Anton and Sayre (1966). It is noteworthy that these 
authors had some difficulties in reproducing their own results when 
their laboratory was moved to another place: their difficulty turned out 
to lie in the preparation of a fresh borate buffer (used in solvent 
extraction) identical with that used in the first instance (Anton and 
Sayre, 1972). Weil-Malherbe (1968) mentions the inability to explain 
the low recovery (20-30%) he obtained for metadrenalines by diethyl 
ether.
The initial extraction of urine with isoamyl-alcohol at neutral 
pH removed only 6% of added 3H-M and 7% of 3H-NM.
3.3.1.7 Evaluation comments on solvent extraction trial with 
M and NM
As summarized in Table 3.2 , low recoveries of 38% 3H-M and
42% 3H-NM were obtained by extraction with cyclohexanone-n-decylaldehyde. 
Later, Coward and Smith (1966d), in their evaluation of solvent extraction 
and ion-exchange resin for isolation of urinary metadrenalines, concluded 
that this solvent extraction method using cyclohexanone-n-decylaldehyde 
was inferior to their method using ion-exchange resins.
The same held true when diethyl ether-K2HP(\ (Anton and Sayre, 1966) 
was used. After a very elaborate series of extractions with diethyl 
ether and HC&, only 7% of added 3H-M and 8% of added 3H-NM were recovered. 
This does imply disagreement with these authors.
After the four successive extractions, each with 1 volume of solvent 
(Gutteridge, 1968), only 55% of M and 54% of NM were recovered using 
authentic solution. The published method in which the metadrenalines 
were subjected to TLC separation does not purport to be quantitative, or 
to be applicable to normal urine as well as phaeochromocytoma urine; the 
author does not state the recoveries.
The other methods evaluated in this study (Table 3.2, ) were
originally used for extraction of drugs, and not metadrenalines. The 
present results do not imply disagreement with them, although in general 
the drugs were basic, as for M and NM.
The disappointing results now obtained for solvent extraction of 
metadrenalines necessitated the investigation of other methods for their 
isolation.
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3.3.2 Adsorptive isolation
Little literature has been found on the assay of metadrenalines 
using adsorption-elution as a method for their isolation. Alumina has 
been used merely to remove catecholamines from M and NM. Recently, 
Amberlite XAD-4, an adsorptive resin, has been used for isolation of 
metadrenalines from plasma (Wang et aL, 1975).
Mien the solvent extraction was proved to be ineffective for the 
isolation of M and NM (Table 3.2 ), attention was turned to
examining the possibility of isolating M and NM by adsorption-elution 
methods. Two adsorptive agents, have been examined in this context: 
titania and charcoal.
."3-3.2.1 Trial of titania
Titania (as a bead, by courtesy of Dr.A.R.Thomson, AERE Harwell) 
has been tried in a few experiments. Even with the best experiment, 
adsorption of M from a borate buffer at pH 10 left 301 unadsorbed, and 
20% of M resisted elution with 0.01 M HC& from titania. This study was 
carried out at a time when encouraging results were being obtained 
using coated charcoal for adsorptive isolation of M and NM, therefore 
there has been no further investigation using titania for the isolation 
of M and NM. Consequently the results are not satisfactory enough to 
be conclusive about using titania for the isolation of M and NM.
3.3.2.2. Charcoal
Active charcoal has been used successfully to isolate a number of 
drugs from biological fluids. These drugs, including basic ones such as 
amphetamine, are isolated by adsorption onto active charcoal followed
by elution from the charcoal using organic solvents (Meola and Vanko,
1974).
(a) Trial of active charcoal for isolation of metadrenalines
In this study active charcoal was first tried for isolation of M or 
NM from authentic solution by the procedure of Meola and Vanko (1974) . One 
gram of active charcoal was suspended in 50 ml of a solution of 0.005 M 
sodium bicarbonate - 0.2 M sodium carbonate, pH about 10. The 
suspension was mixed thoroughly by magnetic stirrer for 5 min and left 
for about 10 min for the charcoal to settle. The supernatant in excess 
of 10 ml was discarded. The charcoal suspension was vortexed for 1 min; 
then 0.5 ml of this suspension (containing 50 mg charcoal) was added to 
10 ml of an authentic solution of 20 yg/ml M or NM in the sodium 
bicarbonate - sodium carbonate buffer, pH 10. The suspension was 
thoroughly mixed by repeated gentle inversion for \ min, then left to 
stand for 5 min before centrifuging for 5 min. The supernatant was 
filtered through two layers of Whatman No 1.
No detectable amount of M or NM was found in the filtrate, as 
measured by UV absorbance or the colorimetric method. In other pilot 
experiments with active charcoal, 10 mg active charcoal was used to 
adsorb M or NM from 10 ml of each solution (20 yg/ml each). Again, no 
detectable amount of M and NM was found in the filtrate. Thus adsorption 
of M and NM onto the charcoal was virtually complete.
(b) Elution of M and NM from active charcoal
Many solvents have now been tried for the elution of M or NM from 
the active charcoal, but without success. These results are summarized 
in Table 3.3 •
TABLE 3.5 Elution efficiency of some solvents used to elute adsorbed 
metadrenalines from active charcoal
Elution solvent 
(10 ml)
Detection
Overall recovery
method
M NM
Chloroform-isopropanol 5:1 v/v* colorimetric < 11 < 1%
Diethyl ether* tt < 1 1 < 1%
0.1 M acetic acid Tt < 1% . < 1%
0.1 M hydrochloric acid 1! 5% 14%
0.1 M tartaric acid uv < 1% < 1%
4 M ammonium hydroxide tt 6% 9%
Cone, ammonium hydroxide- 
ethanol 1:4 v/v It 23% 18%
Cone, ammonium hydroxide- 
ethyl acetate 1:4 v/v**
Tt 10% 3%
These solvents were used by Meola and Vanko (1974) for desorption of 
drugs from active charcoal.
* *
The organic layer was taken for the elution.
(c) Trial of coated charcoal
Asatoor and Dalgliesh (1956) have reported that charcoal which has 
been pretreated with long-chain aliphatic compounds will selectively 
adsorb aromatic substances from aqueous solution, allowing a simple 
separation from aliphatic and inorganic contaminants even if the latter 
are present in large excess. The adsorbed aromatic compounds can be 
displaced from the treated charcoal by aqueous phenol (Section 1.6.4). 
These authors recommended the use of stearic acid, octadecane, octadecyl 
amine or paraffin wax as coating agents for the charcoal.
Four agents recommended by Asatoor and Dalgliesh (1956) were tried 
for the coating of charcoal. The method of coating is described in 
Section 2.4.
To estimate the efficiency of these different coated charcoals for 
the isolation of M and NM, the following procedure was used.
One gram of coated charcoal was suspended in 50 ml of sodium 
bicarbonate (0.005 M) - sodium carbonate (0.2 M) buffer, pH 10. The 
charcoal was mixed thoroughly by vortexing and inversion for about 2 min.
The suspension was left for about 10 min, allowing the charcoal to settle,
$
and the clear buffer at the top, which is more than 10 ml was discarded.
The suspension was then vortexed, and 100 yl (100 mg of charcoal) was 
added to 10 ml of authentic solution containing 50 yg M or NM in NaHC03- 
Na2C03 buffer, pH 10. The suspension was well mixed by inversion for 
about 5 min, left about 5 min and centrifuged for 5 min. The supernatant 
was filtered through two layers of Whatman No 1, then its content of M or 
NM was estimated using the colorimetric method. The M and NM were then 
eluted from the coated charcoal with 10 ml of eluent by shaking for 10 min, 
followed by 5 min centrifugation, then filtration to remove the last 
traces of charcoal. The M and NM were estimated colorimetrically 
(Section 3.1*,). The results of these experiments are summarized in
Table 3.4.
Thus as is clear from this Table, the best recovery of M and NM 
was from charcoal coated with stearic acid, and this was therefore chosen 
as a coating agent for subsequent work.
TABLE 3.4 Isolation efficiency of coated charcoals for M or NM in 
authentic solution
Coating agent and 
extent of coating
Unadsorbed
Overall recovery by 
10 ml of conc. NH3- 
ethanol 1:4 (by vol)
. M ; NM M NM
Stearic acid 5% < 1% < 1% 56% 50%
Paraffin wax 5% <11 < 1% 30% 28%
Octadecane 51 < 1% < 1% 54% 43%
Octadecylamines 5% < 1% < 1% 40% 45%
In another series of experiments, 0.1 M hydrochloric acid- 
methanol (1:9 v/v) was used as an eluent instead of ammonia-ethanol. 
The results are summarized in Table 3.5..
TABLE 3>5 Isolation efficiency of coated charcoals for M and NM in 
authentic solution using 0.1 M'HCH in methanol 1:9 v/v 
as eluent
Coating agent (5%)
Unadsorbed
Overall recovery by 
10 ml of 0.1 M HC£- 
methanol 1:9 v/v
M NM M NM
Stearic acid < 1% < 1% 82% 74%
Paraffin wax < 1% < 1% 48% 45%
Octadecane < 1% < 1% 50% 52%
Octadecylamine < 1% < 1% 62% 61%
In another experiment, 10 ml of urine was used. The urine was 
spiked with 3H-M or 3H-NM then acid-hydrolyzed in a boiling water bath 
for 20 min. The pH of the urine was taken to 10 with 5 M NaOH. One 
hundred mg of buffered (pH 10) stearic acid-coated charcoal (in sodium 
bicarbonate - sodium carbonate buffer) was used for the adsorption of 
the M and NM. The 3H-M or 3H-NM were eluted with 20 ml of eluent by 
shaking for 10 min, followed by 5 min centrifugation and filtration. 
The results are presented in Table 3.^V
TABLE 3.6 The elution efficiency of HC£-methanol and ammonia-methanol 
for 3H-M and 3H-NM which have been adsorbed by stearic 
acid-coated charcoal from 10 ml of urine
Tracer unadsorbed
Overall recovery by 
20 ml of 0.1 M HC£- 
methanol 1:9 v/v
Overall recovery by 
20 ml of conc. NH3- 
ethanol 1:4 v/v
3H-M 3H-NM 3H-M 3H-NM 3H-M 3ii-nm
9% 10V 841 83%
12% 11% 67% 681
From the results in the above table it is quite clear that 0.1 M 
HC£-methanol 1:9 v/v is the most efficient agent for eluting M and NM 
from stearic acid-coated charcoal. It was used subsequently for the 
elution of M and NM from charcoal.
Acidic phenol (Asatoor and Dalgliesh, 1956) was tried for elution 
of M and NM from stearic acid-coated charcoal, but the difficulty of 
evaporating off the phenol (which interferes with the colorimetric 
method) was too great and it was ruled out.
(e) Different percentages of coating
Charcoals with different percentages of coating with stearic acid 
were used to adsorb 3H-M and 3H-NM from 10 ml of urine. The adsorption- 
elution results are summarized in Table 3.7:
TABLE 3.7 Effect of different percentage of stearic acid 
used for coating of charcoal, on the adsorption- 
elution of 3H-M and 3H-NM from urine
Stearic acid 
to coat
Tracer NOT adsorbed
Overall recovery of 
tracer by 10 ml of 
HC£-methanol
3H-M 3H-NM 3H-M 3H-NM
3% 5% 41 60% 54%
5% 11% 101 82% 79%
81 13% 151 70% 68%
Hence 5% w/w stearic acid-coated charcoal was used for isolation 
of M and NM from urine or authentic solution.
(f) Effect of pH on M and NM adsorption
The pH has been reported by several authors to have a great effect 
on adsorption by charcoal (Section 1.6.2) (Porath andLi, 1954; Herbert 
et al., 1968r.; Binoux and Odell, 1973).
To optimise the pH of adsorption of M and NM by stearic acid-coated 
charcoal, 10 mg of 51 stearic acid-coated charcoal was used to adsorb M 
or NM from 10 ml of authentic solution of 10yg/ml. The pH was adjusted 
by either 0.1 M HC& or 0.005 M sodium bicarbonate - 0.2 M sodium carbonate
buffer. The results of M and NM adsorption by coated charcoal are 
presented in Table 3.8.
TABLE 3.8 Effect of pH on adsorption of M and NM by
stearic acid-coated charcoal from authentic 
solution
Adsorption
pH of - ■ : - ■ - - - - -
adsorption
m : : m
1.0 381 40%
4.5 80% 70%
6.0 98% 98%
7.0 >98% > 98%
9.0 > 98% > 98%
10.0 > 98% > 98%
In another experiment, 100 mg of coated charcoal was used to adsorb 
added 3H-M or 3H-NM from 10 ml urine which was subjected to acid 
hydrolysis. The results are shown in Table 3.9:
TABLE 3.9 Effect of pH on adsorption of 3H-M and *H-NM 
by stearic acid-coated charcoal from urine
u r Adsorption of tracer
adsorption ------------------------- --------
3h-m 3h-nm
1.0 2% 5%
8.0 80% 76%
The results shown in Tables 3.8 and 3. 9 confirmed that the 
adsorption of M and NM by stearic acid-coated charcoal was pH-dependent 
arid that higher adsorption'occurs at alkaline pH (pH 6.0-10.0). A pH 
of 8.0 was subsequently used, rather than a higher value where the 
liability of metadrenalines to become degraded is higher.
(g) Amount of coated charcoal
Different amounts of coated charcoal (buffered to pH 8.0 with 
0.035 M sodium bicarbonate solution) were used to adsorb 3H-M or 3H-NM 
from urine hydrolysate (10 ml). These results are presented in 
Table 3.10. '-
TABLE 3.10 Adsorption-elution of 3H-M and 3H-NM by different 
amounts of coated charcoal
Charcoal
mg
Tracer adsorbed
Overall recovery of 
tracer by 10 ml 
HCJl-methanol
3H-M 3h-nm 3H-M 3H-NM
10 15% 16% 10% 9%
20 23% 16% 17% 13%
50 72% 57% 48% 25%
100 84% 75% 62% 60%
200 89% 90% 33% 53%
300 90% 92% 30% 40%
Hence 100 mg of coated charcoal was used subsequently for 
adsoiption of M and NM from 10 ml of urine.
More coated charcoal was needed to adsorb 3H-M and 3H-NM from 
urine than from the buffer, presumably due to competition for the 
interface between the multiple adsorbates in urine and 3H-M and 3H-NM 
(Section 1.6.2).
(i) Amount of acidic methanol to elute from coated charcoal
The results of using different volumes of acidic methanol to elute 
3H-M and 3H-NM from 100 mg coated charcoal are presented in Fig. 3.2*
Ten ml of 0.1 M HCil-methanol 1:9 v/v was subsequently used to elute 
M and NM from 100 mg coated charcoal, because of the inconvenience of- 
evaporating a larger volume of acidic methanol for separation and 
estimation of metadrenalines (Scheme 1).
(j) Time of adsorption
It was reported by Herbert et al. (1968 ) that the adsorption by 
charcoal occurs almost instantaneously. The effect of time on M and NM 
adsorption by coated charcoal is presented in Table 3.11.
TABLE 3.11 Effect of the time on adsorption of 3H-M and 3H-NM from 
urine by stearic acid-coated charcoal
Overall recovery of 
Adsorption Tracer NOT adsorbed tracer by HC&-
time methanol
(min)   • ______________________
3H-M 3H-NM 3h-m 3h-nm
5 18% 181 75% 731
30 20% 17% 74% 73%
60 18% 16% 75% 73%
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Hence 5 min of gentle inversion and 5 min standing before
' *'
centrifugation were subsequently used.
(k) The charcoal source \
Different sources of charcoal after coating were examined for their 
efficiency in adsorbing 3H-M and 3H-NM from urine. - As seen in Table 3.12 
the three tested charcoals have the same adsorption capacity for M and NM.
TABLE 5.12 Effect of source of charcoal on its adsorption 
capacity for adsorption of 3H-M and 3H-NM from 
urine
Charcoal
source
Tracer NOT 
adsorbed 
(3Ii-M + 3H-NM)
Overall recovery 
of tracer by 
HC£-methanol
Merck 10%. 66V
Sigma m 55V
Fisons m 58%
(1) Washing of charcoal before elution of metadrenalines
Before elution of M and NM from charcoal, it was washed with 10 ml 
of water (equivalent to the volume of urine). The suspension was 
vortexed for about \ min then left to stand for about 5 min before it 
was centrifuged for 5 min. This step elutes less than 5% of3 H-M or
3H-NM from coated charcoal. It is necessary because not all urine 
traces can be removed by decantation after coated-charcoal treatment.
Cm) Behaviour of coated charcoal with degraded 3H-M and 3H-NM
It was found that the adsoiption efficiency of stearic acid-coated 
charcoal for 3H-M and 3H-NM from authentic solution or urine decreased 
over a period of time (about eight months). Even freshly prepared coated 
charcoal gave low extraction efficiency due to low adsorption (Tables 
3.9, "3.10 and 3.11. When the dilute stock of 3H-M and 3I1-NM, which
had been stored at -20°C, was run on TLC for purity checking it was found 
that about 60% of the radioactivity was in the M or NM spots on TLC;
the rest was found in diffuse streak elsewhere on the TLC plate. Similar
observations have been reported by Diamant and Byers (1975). They found 
that up to 60% o f labelled noradrenaline in two of three batches examined 
was not associated with adsorption and fluorescence behaviour of 
noradrenaline. It is apparent that decomposition Is a much more serious 
problem than is evident from supplier data sheets (see Section 2.1).
It was therefore concluded that the deterioration of radioactive tracers 
may account for the unimpressive adsorption. This was confirmed by the 
following observations:
(i) Authentic solutions of cold M and NM (not containing radioactive 
tracer) were used and were estimated by colorimetric method. In 30 assays 
for M and 10 assays for NM, the adsorption values for both were >98%. The 
elution by acidic methanol of M was 78 ± 4% (S.D.) (range 73% - 84%), and
of NM was 76 ± 5% (S.D.) (range 69% - 82%).
(ii) New-batch or TLC-purified radioactive tracers were used. In 
10 assays the adsorption of 3H-M from urine was 89 ± 3% (S.D.) and of 
3H-NM it was 88 ± 2% (S.D.). The elution by acidic methanol from charcoal 
of 3H-M was 75 ± 5% (S.D.) (range 69% - 85%), and of 3H-NM it was 74 ± 5% 
(S.D.) (range 68% - 84%).
So it seems that only undegraded tracers of M and NM can be adsorbed 
by stearic acid-coated charcoal. In the literature it was reported that 
the fraction of insulin unadsorbed by dextran-coated charcoal is degraded 
insulin (Proszynska and Sadowska 1974)
Therefore the labelled M and NM were stored in liquid nitrogen 
thereafter, as recommended by Dr.P.Goocf^in (Department of Biochemistry, 
University of Surrey, Personal Communication). Apparently this storage 
was effective in reducing the degradation of radioactive metadrenalines, 
as their adsorption by stearic acid-coated charcoal was not decreased 
markedly for up to four months.
(n) Effect of storage on adsorption efficiency of charcoal
Hie coated charcoal was found to retain its adsorption efficiency 
for M and NM for at least four months when stored in air (in a covered 
vessel) at room temperature (see Table 3.13).
TftBLE 3.13 Effect of storage on efficiency of stearic' 
acid-coated charcoal in adsorbing 3H-M and 
3H-NM from urine
Tracer NOT adsorbed
Date of 
coating
Date of 
experiment
3H-M 3H-NM
6/6/75
27/8/75
8/10/75
9/10/75
9/10/75
9/10/75
10%
10%
9%
12%
11%
10%
(°) Degradation of metadrenalines
TLC examination (see Section 3.4 /) of the dried-down charcoal 
eluants derived from authentic solutions of unlabelled M, NM, A and N, 
showed that most of the M and NM, and all of A and N were degraded.
Early literature suggests that charcoal may encourage oxidation of some 
amino acids (Tisselius, 1941; Wachtel and Cassidy, 1943) (Section 1.6.2). 
Presumably a similar phenomenon was occurring with the catecholamines and 
metadrenalines■ Hie degradation of M and NM was cured by adding 
0.05 volume of 1% v/v 2-mercaptoethanolL in 20% w/v sodium sulphite 
(Ping Wong et aL, 1973) to urine prior to addition of the charcoal 
suspension. As shown by TLC of the dried-down extract of authentic 
materials, this stratagem did not prevent degradation of N and A. Hence 
a 0.05 volume of 1% v/v of 2-mercap to ethanol in 201 w/v sodium sulphite 
was added subsequently to urine or authentic solutions before addition 
of diarcoal suspension.
(p) Charcoal column
Isolation of M and NM by coated charcoal has been achieved in some 
experiments using a column technique rather than the batch mode. A 
charcoal column of , size 12 x 5 mm was prepared by suspension of 100 mg of 
coated charcoal with 200 mg of Celite that had been washed with 10 ml of 
eluent and 10 ml of water in 50 ml of 0.035 M sodium bicarbonate, pH 8.0. 
The suspension was stirred for 5 min, left 5 min to settle, and about 
30 ml of the clear supernatant was discarded. A layer of 3 mm Celite 
alone was introduced onto the column. The charcoal-Celite was put onto 
the column using a pasteur pipette. The mixed suspension was stirred in 
the column with a rod whilst settling to a bed. The column was then 
washed with 10 ml of NaHC03 buffer. The urine or authentic solution
(10 ml at pH 8.0) was loaded onto the column and the flow rate was 
adjusted to 0.5 ml/min using a peristaltic pump. The column was then * 
washed with 10 ml of water. The M and NM were then eluted with 10 ml of 
0.1 M HCL-methanol 1:9 v/v. Fractions of 2 ml volume were collected.
Met adrenal ines were eluted from the columns, usually in the first three 
fractions.
In some pilot experiments, 1 ml of 1% v/v SDS (sodium dodecyl 
sulphate detergent) was used to wash the column after loading of the 
urine. This was followed by washing the column with 10 ml of water, 
then elution with acidic methanol. The SDS washing step was found to be 
remarkably effective in removing urinary pigments. The recovery. :of ~ 
added 3H-M and 3tI-NM to urine was 81% for 3H-M and 81% for 3H-NM with the 
charcoal-SDS-column but higher Rp values were obtained with authentic 
M and NM when the eluted material was subjected to TLC. This may be a 
complication due to some alteration in M and NM states, such as 
complexing. For this reason, and for the sake of handling a number of 
samples simultaneously, SDS washing and the charcoal column technique 
were not pursued.
3.4 TLC separation of M and NM
TLC has proved to be a useful method for the detection of M  and NM 
and their decomposition products, and for assessing how clean the urine 
extract is. It has also been used for the purification of 
labelled metadrenalines.
For the detection of M and NM on TLC plates, three spray reagents 
have been tested. The preparation of these reagents and the methods for 
using them are presented in Section2-5 b. The reagents and their
detection limits are presented in Table 3.14.
TABLE 3.14 Spray reagents used for the detection of M and NM on 
silica gel and cellulose TLC plates and their 
detection limits
Spray reagent
Originally used Detection
for detection Reference limit now
of found (Ug)
4 — aminophenazone-
K 3Fe(CN)6
Diazotizid p-nitro- 
aniline
M + NM on TLC
M + NM on PC
K3Fe(CN)6-ethylene diamine A + N on TLC
fluorescence reagent
Gutteridge
(1968)
Stott and
Robinson
(1968)
Takahashi
& Gjessing. 
(1972)
0.05
0.05
Silica gel and cellulose phosphate TLC plates have been tested with 
three solvent systems. The results of these tests are summarized in 
Table 3.15. Details of the procedures used are described in 
Section 2 • 5 «
TABLE 3.15 Solvent systems used for TLC separation of M and NM, and Rp 
values now found for M and NM
Solvent Reference Cellulose
Silica gel
R„ M R„ NM F F
Butan-l-ol/ethanol/water/ 
0.88 ammonia (10:2:3:0.1, 
by vol.)
Gutteridge
(1968)
M and
Butan-l-ol/glacial acetic Takahashi /run
acid/water (4:1:1, by vol.) & Gjessing
(1972)
t-Amyl alcohol/0,88 ammonia Stott and /
Robinson y(4:1, by vol.)
poorly & 
diffusely/
(1968)
0.05 0.10
0.30 0.40
0.29 0.25
The spray reagent finally adopted was diazotized p-nitroaniline 
because of its good detection limit (see Table 3.14) and its convenience. 
Silica gel plates were chosen because M and NM run diffusely on cellulose 
plate (see Table 3.15) with all solvent systons used. The butan-l-ol/ 
glacial acetic acid/water (4:1:1, by vol.) solvent system was chosen for 
developing the TLC silica gel plates because M and NM are well separated 
from each other and they have higher Rp values (Table 3.15) with this 
solvent than with others.
3.4.1 TLC for urinary metadrenalines extracted by charcoal
The dried down urinary eluate from charcoal (Scheme 1) was dissolved 
by 100 ul of methanol, and applied onto silica gel TLC plate. The plate 
was developed in butan-l-ol-glacial acetic acid-water (4:1:1 by vol.). The 
metadrenalines were vaSualized by diazonium reagent (Section 3.4). It was 
noticed that the Rp values of endogenous or added M and NM were higher 
than those of pure material. This may be due to the fact that the urine 
extracted by charcoal contained too large a quantity of extraneous material, 
causing over-loading of the TLC plate.
3.4.2 Cleaning-up run prior to TLC of urinary metadrenalines
On paper chromatography separation of phenolic amines, Saini (1970) 
has used a solvent system of benzene-diethyl ether-formic acid (35^-water 
70:10:8:0*7, by vol., for washing away some urinary substances from 
phenolic amines. During the course of this study, this solvent has been 
used in connection with TLC separation of urinary metadrenalines. The urine 
extract obtained by coated charcoal was spotted on a TLC plate. The TLC was 
developed in this solvent for about one hour, by which time the solvent had 
run to the top of the plate. The plate was air-dried and then developed in 
the solvent system of butan-l-ol-glacial acetic acid-water 4:1:1, by volume.
♦  N M
♦  M
FIGURE 3.3 TLC chromatogram for urinary metadrenalines extracted by 
coated charcoal: 10 ml of hydrolysed urine was treated 
with charcoal as described in Scheme 1 . The
metadrenalines were eluted with 10 ml of either 0.1 M 
ammonium hydroxide-methano 1 (1), 0.1 M acetic acid- 
met hanol (2) or 0.1 M HOL-methanol (3), all 1:9 by vol. 
The residue from the dried eluates wrere dissolved in 
ICO ul methanol and applied onto silica gel TLC plate.
The plate was first developed in benzene-diethyl ether- 
formic acid ( 8 5 -water, 70:10:8:0.7 by vol. for about 
1 hour (Section 3.4.2), then in butan-l-ol-glacial acetic 
acid-water 4:1:1 by vol. Metadrenalines were visualized 
by the diazonium spray reagent (Section 3.4).
This washing run has proved to be very effective in disposing of much 
unwanted urinary material but not metadrenalines (see Fig. 3.3). 
Accordingly, this cleaning-up run obviates the overloading on TLC 
mentioned above, and gave satisfactory Rp values.
3.5 Hydrolysis of the urine
Acid hydrolysis has been adopted for rupture of metadrenaline 
conjugates, which are mainly sulphate conjugates in man.
3.5.1 Urine hydrolysis prior to charcoal treatment
Thawed urine (see Section 3.2) was centrifuged to remove any sediment. 
Urine centrifugate was spiked with tracer 3H-M and 3H-NM for recovery 
assessment. The pH was taken to 1.0 with 6 M 1IC£, and the urine was then 
placed in a boiling-water bath for 20 min. The urine was removed from the 
water bath and cooled to room temperature with running tap water.
3.5.2 Urine hydrolysis prior to Dowex-50 treatment
After the removal of sediment, the - thawed urine . was diluted to
4 volumes with water. Tracer 3H-M and 3H-NM was added. The pH was then 
taken to 1.0 with 6 M HC£. The urine was placed in a boiling-water bath
for about 30 min, and it was then cooled to room temperature with running
tap water.
3.6 Isolation of metadrenalines by cation-exchanger
In the search for a published method to serve as a reference method 
. during the development of improved methodology for urinary metadrenalines,
many approaches have been considered. After a thorough examination of the 
methods which included Amberlite XAD-2 resin (adsorptive resin) (Reid, 1976), 
Biorex-70 (carboxylic cation exchanger) (Sandhu and Freed, 1972), and Dowex-50 
(with borate elution) (Aziz et al., 1976), they were found unsuitable. However, 
two cation-exchangers were found to be effective when used in succession.
3.6.1 Dowex-50
To circumvent the problems arising from urinary electrolyte content, 
which affects the reproducibility of metadrenaline assay by ion-exchange, 
Taniguchi et al. (1964), and Kahane and Vestergaard (1967; 1969) used Dowex-50 
(a sulphonic cation-exchanger) for the desalting/concentrating step in urinary 
metadrenaline assay. Under the carefully defined conditions of Kahane and ■ 
Vestergaard (1967; 1969), the urine hydro lysate, which was diluted to 8 V with 
water to minimize the salt interference, was loaded onto Dowex-50 of 80 x 24 mm 
column at pH 6.0. Urea was added to the urine to suppress non-ionic inter­
action with the exchanger matrix. Three alterations to the original method 
were introduced:
(a) The column was washed with 50% of v/v methanol-water before the elution 
of the metadrenalines. This step has proved to be effective in washing 
away some UV-absorbing materials that could interfere with HPLC or 
fluorimetry.
(b) The elution of metadrenalines was done by methanolic-ammonia instead of 
aqueous-ammonia to facilitate complete drying down of the eluate.
(c) Tracer amounts of 3H-M and 3H-NM were always added initially to the 
urine, for recovery estimation.
Catecholamines were destroyed during the drying down of the methanolic 
ammonia eluate, as shown by TLC, in agreement with the statement of Kahane and
Vestergaard (1969) concerning aqueous eluates. In ten experiments with urine, 
the average recovery of initially added tracer (with SEM) was 61 ± 6%, which 
is lower than the 90% claimed by Kahane and Vestergaard (1969).
3.6.2 Cellulose phosphate for separation of M from NM
For the laboratory reference method, when both Biorex-70 and 
Dowex-50 proved unsatisfactory, cellulose phosphate cation-exchanger 
was tried and eventually adopted for separation of M  and NM according to 
Kahane and Vestergaard (1969). The preconcentrated/desalted (with 
Dowex-50) urine was slowly chromatographed (0.1 ml/min) onto 450 x 6 mm 
bed cellulose phosphate (NHO column with a gradient elution (0.05 M - 
0.25 M) of ammonium acetate buffer, pH 6.1 (Scheme 1).
The present use of tracer 3H-M and 3H-NM (Section 3.5.2) enables 
the M and NM eluted from the column to be readily located and the losses 
which might occur during the separation to be estimated. In the original 
method the eluted M and NM were located by their native fluorescence.
In pilot experiments the elution pattern of M and NM was established 
by use of two identical columns: one was loaded with an authentic 
solution M (2 yg) containing 3H-M, and the other with NM (4 yg) solution 
containing 3H-NM. Fractions were collected and the metadrenalines were 
located by measuring the radioactivity in a portion c£ each fraction. The 
M and NM were estimated fluorimetrically (see Section 2.2.1 ). The 
radioactive and fluorimetric patterns were identical. M was eluted 
from the column before NM. In another experiment, a mixture of M (2 yg) 
and NM (4 yg) containing 3H-M and 3H-NM was loaded onto a cellulose 
phosphate column. M was well separated from NM (Fig. 3.4).
Another pilot experiment was carried out to establish the elution 
pattern of adrenaline and noradrenaline. This was done as a precaution 
in case some A or N might survive the Dowex-50 or coated charcoal step 
and thus arrive on the cellulose phosphate column. An authentic 
solution containing 3H-A, 3H-N, M (2 yg) and NM (4 yg) was chromato­
graphed. A and N were identified by their radioactivity. M and NM were
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detected fluorimetrically as described in Section 2 \ 2 • V (the 
fluorescence of M is more intensive than that of NM, Fig. 3.5). A and N 
were eluted well before M.
About 95% of the loaded 3H-M or 3H-NM in urine extracts was usually 
recovered from cellulose phosphate.
3.7 Adoption of a reference method •
The method of Kahane and Vestergaard (1969) for isolation and 
separation (see Sections 3.6.1, 3.6.2) was finally adopted as a 
reference method for urinary metadrenalines in the present development 
study. Before it was decided to adopt it, attempts had been made in 
our own laboratory by a colleague, Dr. A.D.R.Harrison, to set up a 
GLC-ECD reference method. The GLC method of Bertani et al» (1970) was 
found to be unsatisfactory. Some success was achieved with an 
unpublished GLC method, which was developed by M.Sandler and his 
colleagues (Personal communication from Dr C. R* J. Ruthven) . Dowex-50 was 
used for the concentrating/desalting of urine samples before the 
derivatization of metadrenalines prior to their GLC analysis. This GLC 
method was not. pursued, however, ' to render it of comparable 
reliability to the cellulose phosphate procedure.
3.8 Fluorimetric estimation'of isolated M and NM
The M and NM separated from each other by cellulose phosphate 
(see earlier. Section Q.6.2 where the problems of separation are 
discussed) were estimated fluorimetrically by the method of Smith and 
Weil-Malherbe (1962). The M and NM are separated as discrete peaks by
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about 6 ml of eluate (two fractions), each peak occupying no more than 
6 ml of eluate (Fig. 3.4). The fluorimetric estimation may be perfoimed 
on the contents of individual tubes or on a pool based on the 
distribution of 3H counts. Aliquots of actual M- and NM-containing 
fractions were spiked with M or NM standard for the fluorimetric 
estimation (Section 2.2.1).
3.9 Urinary metadrenalines assay study
In the attempted development of an assay for urinary metadrenalines 
: the approach was as follows (Scheme 1):
(a) Coated charcoal or Dowex-50 was used for concentrating/  ^
desalting urine.
(b) An aliquot of urinary concentrate thus obtained was chromato­
graphed on cellulose phosphate for separation of M and NM 
from each other and subsequent fluorimetric estimation.
■(c) Another aliquot was subjected to HPLC with UV defection for 
separation and estimation.
3.9.1 HPLC applied to urinary metadrenalines
HPLC offers many advantages over the GLC, in that no restrictions are 
placed on the size, volatility or thermal stability of the sample molecules. 
In addition, liquid chromatography offers more flexibility in the choice of 
mobile and stationary phases (Riggin and Kissinger, 1978).
Many adsorptive packings and a pellicular cation-exchanger were 
tried in our laboratory (Leppard et al., 1976; Aziz et aL, 1976) for 
separation of M and NM, but were abandoned because they failed to
SCHEME 1 Summary of methods tried for estimation of urinary 
metadrenalines.: urine frozen and thawed, centrifuged; 
25 ml portions, spiked with 3H-M and 3H-NM
adjust pH to 1.0 with 5 M H a
hydrolysis at 
. 100°C, 20 min
t
adjust pH to 8.0 with 5 M NaOH, 
add 5 ml of 0.035MNaHC03
dilute to 100 ml with H2O, 
adjust pH to 1.0 with 5 M H a
hydrolysis at 
100°C, 30 min
adjust pH to 6.0 with 5 M M R  OH, 
add 1.10 g urea, dilute to 200 ml 
with H2O I
add 1.25 ml of 1% mercaptoethanol; 
add 250 rag COATED CHARCOAL as 
slurry in 0.035 M NaHC03, invert 
for 1 min, leave 5 min before 
centrifugation for 5 min
discard the supernatant, wash 
with 30 ml water; vortex for 
30 sec, leave 5 min before 
5 min centrifugation, discard 
the supernatant
elute NM and M from charcoal with 
25 ml of 0.1 M HC^-methanol (or 
0.1 M acetic acid-methanol; 
Section 3.13) 1:9, v/v, take 
small aliquot for recovery check
divid the eluateTinto two 
fractions, evaporate to dryness 
with water bath below 50°C 
using rotary evaporator
load onto 65 x 9 mm Dowex-50 
column (NHt) form at flow rate of 
1 ml/min
wash the column with 50 ml water, 
then with 50 ml of 50% v/v "7 
methanol-H20
.V;
elute NM and M with 10 ml of 75% 
v/v methanol containing 1.25 M 
ammonia; take small aliquot for 
recovery check
divide the eluate into two 
fractions, evaporate to dryness 
under vacuum at room temperature
HPLC with on-line UV and sometimes 
off-line fluorimetric measurements
cellulose phosphate column pH 6.1
wash the column with 20 ml of 0.05 M 
ammonium acetate buffer, adjust the 
flow rate to 0.1 ml/min
gradient elution: 50 ml. of 0.05 M- 
50 ml of 0.25 M ammonium acetate, 
pH 6.1
fluorimetry after location of NM and 
M by counting radioactivity in the 
collected fractions
separate M from NM or even gave no peaks at all. Success in separating 
M from NM was achieved with either of the following two packings:
(i) Partisil-SCX (a microparticulate cation-exchanger)
A pre-packed column of Partisil-SCX (250 x 4.6 mm) was used 
with gradient (some tailing if no gradient) elution for 
separation of urinary M from NM. A typical chromatogram for 
normal urine extract by Dowex-50, together with HPLC conditions, 
is illustrated in Fig. 3.6. Formate rather than citrate, which 
tends to grow mould, was used. A pH of 5.5 was chosen because 
M and NM have shorter retention times than at pH 2.5 or pH 8.0. 
The initial elution with solvent A (10% v/v methanol-water)*-• 
proved to be effective in flushing out of irrelevant UV- 
absorbing material. Urea was added in the hope of minimising 
the adsorption (Kahane and Vestergaard, 1967) of metadrenalines 
by the cation-exchanger.
(ii) Spherisorb-ODS (reverse phase on spherical silica beads)
A dry-packed column of Spherisorb-ODS, lOjdm (250 x 4.6 mm) 
was used for the separation of urinary M from NM, with gradient 
elution. The separation conditions are summarized in a typical 
chromatogram (Fig. 3.7) for noimal urine extracted by Dowex-50. 
Also, aqueous methanol was again helpful for flushing out of 
irrelevant UV-absorbing material. The omission of ammonium 
carbonate from solvent B (84% v/v acetonitrile - 0.16% ammonium 
carbonate) caused poor peaks. A purge with net B at the end of 
each run seems to be obligatory in order to achieve a low base 
line. Quantitation of M and NM was done by measuring peak 
areas.
Me tadrenalines
FIGURE 3,
Gradient-HPLC method trial for 
nornetadrenaline (NM) and 
metadrenaline (M) in a Dowex 50 
concentrate of hydrolyzed urine 
(2.0 ml), + 5 ug octonamine, on 
PARTISIL SCX (250 x 4.6 mm
Refi: 20.9.75
Octopamine
~\10% *B' in 
the inflow
Solvent 'A' - 10% methanol 
Inj. containing 2.5% urea
i=t
TIMF
6 Illustrave run with a cationic concentrate from normal
urine, using a micro particulate cation exchange HPLC 
packing. Flow rate: 1 m/min (Aziz et al., 1976).
Gradient-HPLC method t r ia l  fo r normet- 
adrenaline (NM) and metadrenaline (M) in  
a Dowex-50 concentrate o f hydrolyzed 
urine (2.3 m l), on SPHERISORB-ODS (250 
* 4 6  mm column) a t pH *^ 8
 -S*-Admixture of ' B
held at 70% of 
inflow
5 ul S o lve n t ’ A ’ = , 
in j. 20% methanol /
TIME, min
FIGURE 3.7 Illustrative run, as above but with a reverse-phase, 
dry-packed 10 ym column (Aziz et aL, 1976).
The positions of M and NM on HPLC chromatograms have been established 
partly by ascertaining where increments in UV absorption occur if a ' 
sample is spiked with M and NM and re-run. However, since retention 
times show some variability, confirmatory evidence has been obtained, 
without re-running, by a more direct approach that entails adding tracer 
amounts of labelled M and NM before loading, and collecting HPLC 
fractions for off-line [3H] measurements.
In some experiments fractions were collected from the HPLC column 
and their content of NM or M was estimated fluorimetrically (see 
Table 3.16).
3.9.2 Comparison of results obtained by the different assay 
methods ~ ~ "
As shown in Table 3.16, there was fair agreement between charcoal- 
cellulose phosphate-fluorimetry values for M and NM and Dowex-50- 
cellulose phosphate-fluorimetry (reference method) values. The 24 hour 
urinary metadrenalines values obtained by these two methods are within 
the published ranges (Table 1.2).
However, the values of urinary M and NM assayed by Dowex-50-HPLC 
are extremely high (especially with the reverse phase) compared with 
those obtained by the reference method. This may be because the HPLC 
column, while efficient enough to separate the M and NM from each other, 
is not able to separate them from other UV absorbing materials under 
the conditions used.
The investigation performed to establish the nature of those UV 
absorbing substances which interfere with the HPLC M and NM determination 
is discussed below.
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3.9.2.1 Off-line fluorimetric estimation of M and NM eluted 
from HPLC-column
Fractions eluted from.HPLC runs (Partisil-SCX column) at and 
around the M and NM peaks were collected. Their M and NM content was 
estimated fluorimetrically (Section 2 * 2 *  1 The 24 hour urinary 
metadrenaline values obtained by this off-line fluorimetric method are 
presented in Table 3.1*6 ). They are lower than those obtained
by the HPLC with the on-line UV detection method. Therefore it was 
concluded that these excess UV-absorbing materials in either peak were 
not fluorigenic.
3.9.2.2 Trial of anion-exchange for removal of interfering 
substances — —
The urinary extract from Dowex-50 was subjected to chromatography, 
on Dowex-1 (anion-exchanger) (Section 2 * 6  -2}in the hope of removing 
amphoteric substances from the urine extract which might interfere with 
HPLC metadrenaline determination. About 901 of the ^-metadrenalines 
added to the urinary extract was recovered after Dowex-1 treatment.
Even with such treatment, high UV absorbance was still obtained (with 
both Partisil-SCX and Spherisorb-ODS columns) for the M and NM peaks. 
Therefore it was concluded that the UV-absorbing interfering substances 
with the HPLC M and NM determination are unlikely to be amphoteric 
compounds.
3.9.2.3 HPLC behaviour of possible interfering substances
Trial HPLC runs on Partisil-SCX and Spherisorb-ODS columns have 
been performed with a range of cationic UV-absorbing substances known 
to be present in urine: adenine, pyridoxic acid, octopamine, tyramine, 
tryptamine, noradrenaline, 3-methoxytyramine and serotonin. Taking
account of their known daily outputs in urine (Geigy, 1970) and their 
chromatographic retention times, only two qualify as possible contaminants 
tyramine which runs close to NM, and 3-methoxytyramine which almost 
coincides with M. Serotonin likewise runs with M, but would not have 
survived the initial acid hydrolysis of the urine (Smith and 
Weil-Malherbe, 1962).
Therefore it was concluded that only an efficient HPLC column would 
be able to separate these interfering materials from M and NM under the 
present separation conditions. Further refinement of the eluent could 
be expected to improve matters.
3.9.3 Urinary M and NM in relation to UV detector sensitivity
The UV absorbance of M and NM at 279 run is low (X in absolute ^ max
alcohol: M 280 ran, E 3100, NM 282 nm, E 2970; from Nagatsu, 1973), 
whilst urinary metadrenaline levels are also low. Therefore, even with 
very efficient urine sample preparation and an efficient HPLC-column 
the HPLC-UV detection of urinary metadrenalines would not be an easy 
task.
In the light of the two factors (column and UV detector) shown to 
impede the development of an accurate HPLC method for determination of 
urinary metadrenalines, an attempt was made to:
(i) prepare a more efficient HPLC column;
(ii) try a more sensitive or specific HPLC detector besides the 
UV detector.
5.10 Preparation of a more efficient HPLC column.
The packing material and the method of packing play a major role in 
the performance of any HPLC column.
3.10.1 Packing materials suitable for metadrenaline analysis
Reverse-phase chromatography with an o.ctadecyl-silica bonded phase 
was recently advocated as a useful tool for the separation of meta-
j &
drenalines (Molnar and Horvath, 1976; Shoup and Kissinger, 1977). Such 
separation is the result of hydrophobic interaction between the 
octadecyl-silica of the stationary phase the the hydrophobic moiety of 
the solute molecules (Molnar and Horvath, 1976).. So reverse-phase ODS 
was re-investigated as a packing material for HPLC analysis of 
metadrenalines, although the earlier results (Table 3.16) had been 
disappointing.
3.10.2 Methods for packing HPLC columns
Two main methods are in commun use for packing HPLC columns, namely 
dry packing and slurry packing.
3.10.2.1 Dry packing of HPLC columns
A suitable procedure is to mount the column vertically and 
introduce the packing material slowly but continuously while the column 
is rotated and bounced and tapped (Done et al., 1974).
Whilst it is advantageous to use small diameter particles for good 
resolution, a dry packing method may fail to give an efficient column 
when support materials of less than 20 pm in diameter are used. This 
is due in part to their poor settling characteristics, and their static
charges which tend to cause the particles to aggregate, giving rise to 
a non-uniform packing structure (Parris, 1976). This may explain at 
least part of the failure of the dry-packed ODS (10 ym) column 
(Section 3.9.1) to give a reliable value for urinary metadrenalines 
(Table 3.16). Therefore a slurry packing of the Spherisorb-ODS (10 pm) 
was tried. -
3.10.2.2 Slurry packing of HPLC columns
Slurry packing is effective for small-particle materials since 
suspension in a liquid neutralizes the forces between the particles 
(Bristow, 1976).
In slurry packing of columns for HPLC there is a risk of particle 
sedimentation which, if it occurs, can give rise to regions of different 
packing density within the column, leading to poor column performance. 
Applying high pressure onto a slurry as soon as it is put into the 
column allows the bed to form very quickly, with little risk of 
sedimentation (Parris, 1976).
Hie slurry was made by ultrasonicating Spherisorb-ODS in the chosen 
slurry solvent (see Table3^ 17) for 2 min, followed by connection of the 
slurry container to a vacuum for 5 min to de-gas the slurry. The 
column was then filled with the slurry solvent, and its reservoir and 
other fittings were assembled (Majors, 1972). The pump was then 
pressurized, and the slurry was introduced into the reservoir as quickly 
as possible by a syringe connected to a long stretch of PTFE tubing.
The reservoir was quickly connected to the pump which was then turned 
on. After an excess of solvent had been pumped through, the pump was 
turned off, and the pressure was allowed to drop to atmospheric pressure. 
The column was disassembled and the top 2 mm of packing material was
removed and replaced by a PTEE frit. A pre-column of 50 x 2.2 mm 
was connected to the top of the column and was dry-packed with 
Spherisorb-ODS. A PTEE frit was then put on the top of the pre-column. 
Ihe column was then connected to the HPLC pump and the slurry solvent was 
washed away prior to its equilibration with "the mobile phase.
3.10.2.2.1 Trial of different solvents for slurry preparation 
and resulting column efficiency
Many different solvents for slurry packing were tried in order to 
prepare an efficient Spherisorb-ODS column for metadrenalines analysis. 
These solvents and the efficiency of column obtained are presented in 
Table 3.17.
Usually a column of 100 x 4.6mm or 150 x 4.6mm
was prepared, taking account of the difficulty of packing a longer or 
narrower column well (as emphasised by Dr. P. T.Kissinger, Personal 
communication).
The efficiency of the column was assessed by calculating the 
number of theoretical plates (N) for the peak produced by an injected 
sample, suitably octapamine.
N = 16
t }2 R
«b
where
t^ = retention time of sample;
= base width of triangle constructed on the peak.
The mobile phase usually used is: citric acid 0.05 M - Na2HP0i* 
0.05 M buffer containing 5% v/v methanol.
TABLE 3.17 Solvent used for preparation of ODS slurry, and efficiency 
of the resulting HPLC column
% w/v Spherisorb-ODS
Efficiency of 
• the column
Reference to solventin the stated solvent
Plates
Plates/cm 
of column 
length
10% in methanol 900 90 Dr. P. T» Kissinger 
(Personal communication)
10% in isopropanol- 
0.1% aq. sodium 
acetate 4:1, v/v
3 00 30 Based on Martin et al. 
(1978)*
10% in tetrabromoethane- 
tetrachloroethylene 
6:4, w/w
600 40 Majors (1972)
8% in liquid paraffin 300 20
6% in acetone 3600 240
6% in methanol- 
chloroform 1:1, v/v
2000 133 Kirkland (1976)
Prepacked column 
specially prepared in 
manufacturer’s 
laboratory
(HSCP Ltd, Bourne End, 
Bucks; 5 urn ODS-bonded 
silica-gel)
250 x 4.6mm .
4200 168
*
They mention.that the purpose of the sodium acetate is to prevent 
the collapse of the column bed as a result of the particles 
becoming charged during the packing procedure.
3.10.2.2.2 Commercially available (pre-packed) ODS-silica column
Although an efficient column (240 plates; Table 3.17) had been 
prepared using acetone as a slurry solvent, enabling M, NM and 
3-methoxytyramine to be well separated from each other (Fig. 3.8a/, it 
was decided to use the bought-in (pre-packed) 5 pm ODS-silica 
(H.S.C.P. Ltd, Bourne End, Buckinghamshire) 250 x4 . 6 mm column 
(168 plates/cm) because the total number of theoretical plates (4200) 
were more than for that prepared here, with benefit to resolving power 
(Fig. 3.8b). Calibration curves for standard M and NM separated by this 
column with UV detector are presented in Fig. 3.9. Now that a good HPLC 
separation system for M and NM had been obtained, attention was turned to 
a detection device more sensitive than UV, namely an electrochemical 
detector. •
3.11 Electrochemical detection
As mentioned earlier (Section 3.9.3), sensitivity limitation of 
UV detection has hindered the development of a reliable assay for 
urinary metadrenalines by HPLC. As a possible alternative to UV 
detection, electrochemical detection seems to be suitable for 
catecholamines and metadrenalines, since these are easily oxidized 
compounds. Practically, as concluded by Dr.P.T.Kissinger (Personal 
communication), it is not such a.n easy task. Elaborate attempts for 
setting up an HPLC-electrochemical detection assay for urinary 
metadrenalines were unsuccessful until recently, when a well defined 
sample preparation method, including a combination of an organic solvent 
wash of the urine, cation-exchange and solvent extraction, followed by 
HPLC with electrochemical detection, was described (Shoup and Kissinger,
1977).
Col. 10 ym; ODS (home-packed)
150 x 4.6 mm; pre-col 50 x 2.2 mm; 
UV 279 nm; AUFS 0.05; chart speed 
500 mm/h; solvent 55% v/v methanol- 
water, 2 ml/min
Col. 5 ym; ODS (U.S.C.P.
250 x 4.6 mm; pre-col 
50 x 2.2 mm; UV 279 nm; AUFS 
0.05; chart speed 200 mm/h; 
solvent 0.05 M citric acid - 
0.05 M NapP04-5% v/v methanol, 
1 ml/min
FIGURE 5.8a Isocratic HPLC 
separation of authentic 3- 
methoxytyramine (MT), meta­
drenaline M, and normeta- 
drenaline (NM), 0.5 yg each.
m m
“ i— rr? -r~
diiiil:
FIGURE 3.8<b Isocratic HPLC 
separation of authentic mix­
ture of octopamine (0C ) , nor- 
metadrenaline (I4M), meta­
drenaline (M) and 3-methoxy- 
tyramine (MT), 0.25 yg each.
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3.11.1 Principle of the electrochemical detector
The basis of this mode is that particular constituents eluted from 
the chromatographic column, are selectively oxidized (or reduced, 
depending on the electrode potential) at the electrode surface under 
controlled conditions giving up electrons to the electrode. The current 
which results from the net exchange of electrons is monitored as a 
function of time (or eluate volume). 'When a constant potential is applied 
at the electrode exposed to the moving fluid, the amount of material 
converted by the electrochemical reaction is proportional to the 
concentration of material, and therefore the current flawing will, also 
be directly proportional to this concentration (Riggin and Kissinger,
1978). For example, a portion of NM is converted, with a loss of two 
electrons per molecule into an oxidized form (1), as in the equation 
below. This is unstable, and reacts irreversibly, without responding 
electrochemically, to form the stable compound (2) which is not reactive 
on the electrode surface and passes out of the detector intact (Shoup 
and Kissinger, 1977);
OH
0
I
C H -O H
I
CH2
I
m 2
i
CH2
i
NH2
CH-O H ' 
I
0
m ( i )
-f-CH30 H + H +
CH-OH
CH
I
NH2
(2)
The selectivity of the electrochemical detector comes from the 
fact that only compounds that are electroactive at the applied 
potential are detectable. This selectivity is inversely related to the 
experimentally observed oxidation potential: the lower the potential 
used, the better the selectivity. Also the background current, which 
is a product of the electrochemical reaction of components making up 
the mobile phase, including the water, organic solvent and impurities, 
increases exponentially as a function of applied potential. So the 
detector will function best for the detection of compounds which are 
easily oxidized or reduced, with the potential limitation that 
reductive assay needs precautions such as oxygen exclusion.
G1 cissy carbon, carbon paste, mercury and amalgamated gold and 
platinum have been used as electrochemical electrodes. Carbon paste, 
which is an admixture of spectroscopic grade graphite powder,and a 
dielectric material such as mineral oil, silicone oil or paraffin wax, 
is favoured by Kissinger (1978).
The mobile phase in HPLC-electrochemical detection must be an 
aqueous or aqueous alcohol mixture. Any mobile phase consisting of 
relatively non-polar solvents cannot be used in electrochemical 
detection because such solvents lead to very poor electrical 
conductivity (Riggin and Kissinger, 1978).
3.11.2 Setting up the electrochemical detector
The detector as received from the manufacturer (Bioanalytical 
Systems Inc) was ready for installation (Fig. 3.10). It contained:
(a) the working electrode, made from carbon paste;
.(b) a reference electrode (Ag/AgCil)
i i w -------- y— ----- 1
1 cm 1 in. — " • * ^
FIGURE 5,10 Schematic drawing of the electrochemical detector. 
W is the working electrode (carbon paste). 
Reference is A g /A g C i electrode. Auxilliary is 
a stainless steel exit for passing the current 
(Bioanalytical Systems Inc)
(c) the auxiliary electrode, which is the stainless steel exit 
tube jutting out from the side of the reference electrode 
compartment for passing the current.
The thin-layer cell used first in this study was different from 
that in Fig. 3.10, in that the working electrode chamber was directly 
beneath the exit port. Although the recommendations of the manufacturer 
had been followed exactly, and all precautions had been taken including 
the use of double-distilled water and filtered buffer (Shoup and 
Kissinger, 1977), the detector suffered from instability. After two or 
three runs with authentic samples of metadrenalines, the detector usually 
started to produce a high current, taking the recorder off scale.
Washing the system with mobile phase, even for up to six hours, did not 
improve it. Replacing the working electrode surface was done whenever 
the detector failed, but this often did not help.
The designer, Dr.P.T.Kissinger, in reply to a query, suggested 
that the fault lay with the obsolete design of the cell configuration, 
and sent a newer cell with the electrode chamber located two-thirds of 
the way between the inlet and outlet holes (Fig. 3.10); this apparently 
leads to less damage to the electrode surface from eluent turbulence 
within the flow cell, and prolongs the electrode life.
The stability of this new detector cell was much better, but still 
not good enough to allow prolonged assay work on metadrenalines; it 
never worked for longer than one day. Even so, a calibration curve for 
NM was obtained (Fig. 3.11).
The electrochemical detector was more sensitive for the detection 
of M and NM than the UV detector, as shown in Fig. 3.12.
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The detection was done at +850 mV using the Ag/AgCL reference 
electrode. The mobile phase used was citric acid 0.05 M - Na2HP0if,. 
0.05 M - v/v methanol (pH -3.5). These conditions were based on
those of Shoup and Kissinger (1977).
3.12 Urine washing before coated charcoal treatment
It was decided to try conditions similar in some respects to 
those of Shoup and Kissinger (1977), who had reported successful assay 
of metadrenalines on a urinaiy concentrate. The sample preparation 
was by charcoal treatment (Scheme 2) rather than by their described 
procedure. However, washing the urine hydrolysate (pH 1.0) with an 
equivalent volume of toluene-isoamylalcohol (3:2, v/v), as recommended 
in their method, before the charcoal treatment, proved to be 
effective in cleaning up the urine for HPLC. Also, the TLC 
chromatogram of a concentrate from urine thus washed was likewise 
cleaner than for unwashed urine (Fig. 3.13).
Less than 5% of added H-metadrenalines was extracted by the 
washing procedure, and hence all urine samples were washed with 
toluene-isoamylalcohol before coated charcoal was used to isolate 
M and NM. ‘
1 2 3 4
FIGURE 5,13 TLC chromatogram for urinary metadrenalines extracted by 
coated charcoal: 10 ml of urine was hydrolysed and 
washed with 10 ml of toluene-isoamyl alcohol 3:2 v/v 
(see Section 3.12). The urine was then treated with 
charcoal (Scheme 2 ). The dried eluate was dis­
solved in 100 yl methanol and applied onto silica gel TLC 
plate. Tlie plate was developed first in benzene- 
diethylether-formic acid (85%)-water, 70:10:8:0.7 by vol. 
then in butanol-glacial acetic acid-water, 4:1:1 by vol. 
The plate was sprayed with diazonium reagent 
(Section 3.4). (1) Urine extract spiked with 2 yg M, NM
and 3-methoxytyramine prior to TLC. (2) Standard M, NM 
and 3-methoxytyramine, 2 yg each. (3) Unspiked urine.
(4) Urine spiked with 1 yg each of M, NM and 3-methoxy- 
tyramine prior to charcoal treatment.
3.13 Elution of M and NM from charcoal by acetic-methanol instead
of HC^ methanol ^
Molnar and Horvath (1976) suggested that a high concentration of 
halides in the HPLC eluent could shorten the useful life of the HPLC- 
ODS column material. Also it was mentioned by Riggin and Kissinger 
(1978) that halides should.be avoided in HPLC-electrochemical detection, 
because they are easily oxidized and can attack metal parts. Therefore, 
the use of acetic acid-methanol as a substitute for HCf-methanol for 
elution of metadrenalines from charcoal was investigated.
It was found that the. efficiency of 0.1 M acetic acid-methanol 
1:9, v/v, for elution of M and NM from coated charcoal was as good as 
0.1 M hydrochloric acid-methanol (Section 3.3.2.2 (m)). In ten 
experiments, the recovery of added 3H-metadrenalines from urine by 
charcoal-acetic acid-methanol was 73 ± 4% (S.D.) for 3H-M, and 72 ± 5% 
(S.D.) for 3H-NM. Hence 0.1 M acetic acid-methanol 1:9, v/v, was used 
subsequently for elution of M and NM from charcoal.
3.14 HPLC-electrochemical and UV estimation of urinary M and NM
When progress towards HPLC column preparation, and towards 
acquiring the sensitive electrochemical detector had been made, 
attention was turned to the separation and estimation of endogenous M 
and NM in normal and pathological urines, with the hope of improving 
the method of Shoup and Kissinger (1977) and the present HPLC-UV 
detection method (Section 3.9.1). Coated charcoal or Dowex-50 (Scheme 2) 
was used for the concentration/desalting of hydrolysed urine, followed 
by HPLC with electrochemical and simultaneous UV detection. The primary 
reference method was that of Kahane and Vestergaard (1967; 1969). The 
method of Shoup and Kissinger (1977) was also applied, as described by
SCHEME 2 Summary of methods used for estimation of urinary
metadrenalines by HPLC using a purchased (H.S.C.P. Ltd) 
column. For Scheme 1 seep.no.
thawed and hydrolysed urines 
spiked 3H-NM and 3H-M
wash with
isoamyl .alcohol-toluene
according to 
Shoup and 
Kissinger (1977)
cation exchangecoated charcoal 
as in Scheme 1 
(elution from charcoal 
with acetic acid-methanol)
Dowex-50 
as in Scheme 1
cellulose phosphate
solvent extraction
fluorimetry
dried extractdried extract
dissolve in 0.5 ml 
1 M acetic acidj dissolve in 0.5 ml 
IL M acetic aciddissolve in 100 pi 
methanol to TLC 
(Section 3.4)
HPLC-electrochemical 
detection
HPLC-UV detection
them, hopefully serving also as a reference method although these authors 
made no comparison with previous methods. The 24 hour excretions of M and 
NM estimated by these methods are presented in Table 3.18, and typical 
chromatograms for normal and pathological urines by electrochemical and 
UV detection are shown in Figs 3.14, 3.15, 3.16, and 3.17. ;
Correction for losses accrued during the sample preparation, up to 
the injection onto the HPLC column, was aided by the added tracer 3H- 
metadrenalines. Correction for any variation in injection volume between 
chromatograms for a given urine sample was made by relating the M and NM 
peak height to the height of a selected peak from the chromatogram. M 
and NM peaks were identified by spiking the urine extract prior to the 
HPLC run with M and NM, or by collection of the appropriate fractions from 
HPLC for [3II] activity counting.
3,14.1 Urinary NM estimated by HPLC-electrochemical detection
Urinary NM extracted by coated charcoal or Dowex-50 is well separated 
as a sharp peak (Figs 3.14, 3.16) by HPLC-electrochemical detection. The 
urine extract (equivalent to 40 yl of urine) from coated charcoal gave 
only five peaks on the chromatogram (Fig. 3.14). A calibration curve is 
presented in Fig. 3.11 for NM added to the urine extract prior to the 
HPLC run. The relation between added NM (ng) and the electrochemical 
response (current produced) is linear over the range studied, 1-10 ng of 
added NM (correlation coefficient r = 0.9845, and regression equation 
y = 1.33 + 0.345X)*
Correlation coefficient £  = X ) (Y Y ) --- ? the regression
/E(X-X")2E(Y-Y")2
equation y = a + bx, where b = ^  ^CX X ). and a = y - bx , are
Z(X-X )2
calculated according to Swinscow (1977).
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The average results of five assays of the same urine sample, the 
24 h urinary NM obtained by the charcoal-HPLC-electrochemical detection, 
was 166 ± 12.8 (S.D.). The value agreed well with those obtained by 
the reference method (cellulose phosphate-fluorimetry), 177 ug, and by 
Shoup and Kissinger (1977)' which was 163 ug (Table 3.18).
However, the estimation of urinary M by the present char coal-HPLC- 
electrochemical detection was impeded by two factors:
(a) M was not separated completely by the HPLC column (N, 4200 plates), 
from other electrochemically active material, as can be seen in 
Fig. 3.14.
(b) The response of the electrochemical detector for M in urine is too 
low. Spiking the urine extract (by charcoal) prior to the HPLC run 
with 1, 3 and 5 ng each of M and NM, gave 21, 26 and 29 mm peak heights 
for M, and gave 79, 116 and 146 mm peak heights for NM, respectively.
Therefore urinary M was not estimated.
3.14.2 Urinary M and NM and HPLC-UV detection
Using the rather efficient HPLC column (H.S.C.P. Ltd; N =• 4200 plates) j 
M and NM isolated by coated charcoal or Dowex-50 are well separated from 
each other by the present HPLC-UV system as sharp peaks (Fig. 3.17).
Although the HPLC-UV chromatogram is rather complicated (it contains about 
12 peaks), the peaks are sharp enough to allow their quantitation. M and
NM values for normal and pathological urine are presented in Table 3.18.
From two assays of the same urine, the 24 h urinary NM/M was 208/207 ug 
and 220/74 ug obtained by charcoal and Dowex-50 compared with 177/116 mg 
obtained by the reference method.
N M
Col. 5 ym ODS (H.S.C.P. Ltd.)
250 x 4.6 mm, pre-col. 50 x 2.2 mm; 
solvent 0.05 M citric acid - 0.05 M 
N^ HPOi* - 51 v/v methanol, 1 ml/min.
UV279 Ia u FS Of05
FIGURE 5.17 HPLC-UV detection chromatogram for urinary metadrenalines 
extracted by stearic acid-coated charcoal (see Scheme 2?
The first run was for unspiked urine (3.25 ml). 
The second was for a spiked urine (2.5 ml) extract, with 
250 ng each of noimetadrenaline (NM), metadrenaline (M), 
and 3-methoxytyramine (MT).
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4. A STUDY OF THE ASSAY OF PLASMA CATECHOLAMINES
As mentioned earlier (Section 1.5.4), only radioenzymatic methods 
have sufficient sensitivity and specificity to provide a realistic 
estimate for catecholamines at the low concentration present in normal 
human plasma. However, these methods tend to be tedious and time- 
consuming, and it was felt that improvements were needed.
The radioenzymatic methods for estimating plasma catecholamines 
are based on the enzymatic conversion of catecholamines to their 
labelled 0-methylated derivatives by the enzyme COMT and labelled SAM 
as the methyl donor, as shown in the following equation:
OH
r  °H
CH-OH
i
ch2
11
nh2
(N)
l k C ~ S M  or 3H-SAM 
Mg (cofactor)
COMT
GH
CH-OH
(Hz
nh2
(NIT)
The labelled O-methylated derivatives are then isolated and separated 
from each other for radioactivity counting.
The approach adopted was as follows (Scheme 3): .
(i) Catecholamines are converted enzymatically by COMT and
3H-SAM to their 3-0- 3H-methylated metabolites according to 
established methods.
(ii) .The 3H-metabolites formed are then isolated from the
incubation mixture by solvent extraction (established method) 
or possibly by coated charcoal (developed during the course 
of this study).
(iii) The 3H-derivatives were separated from other 3H-substances 
and from each other by HPLC for radioactivity counting 
(a new approach).
4.1 Choice of initial steps for method-trial and reference use
The specific activity of labelled SAM is an important factor in ; 
determining the sensitivity of the radioenzymatic assay for plasma 
catecholamines. Since the specific activity of commercially available 
3H-SAM is higher than that of 11+C-SAM, a single-isotopic method (where 
3H-SAM. is used as a methyl donor) was chosen for method-trial and 
reference use rather than the double-isotopic method which was 
described by Engelman et al,(1968) (where itfC-SAM is used as a methyl 
donor and 3H-A or 3H-N is added as a marker for recovery assessment) , 
but which seems to have been disfavoured by subsequent authors. The 
penalty of greater between-sample variability due to abandonment of an 
internal standard has to be accepted.
Two single-isotopic methods for estimation of plasma 
catecholamines have been tried:
(a) as a reference method for subsequent method development;
(b) for building on variations (Section 4) which might simplify 
the assay.
4.1.1 The method of Passon and Peulerll973)
This method involves the conversion of plasmas A and N to 3H-M 
and 3H-NM by COMT and 31I-SAM. The 3H-metadrenalines are then 
isolated by solvent extraction followed by their TLC separation from 
each other. The 3H-NM are then oxidized to vanillin which is extracted 
by a successive solvent extraction and back-extraction into toluene for 
radioactivity counting (Scheme 3).
Many experiments were performed to get this method to work, but 
without any success: the test values were no higher than the blanks.
Many steps in the method were tested to-establish the cause of the 
trouble.
4.1.1.1 COMT enzyme activity
The efficiency of the O-methylation of catecholamines which would 
be adversely affected to a large extent by insufficient COMT enzyme 
activity is an important limiting factor in determining the sensitivity 
of the radioenzymatic assay. Therefore, when the Passon and Peuler 
(1973) method failed to work, attention was first turned to* checking 
the COMT enzyme activity.
The enzyme catecholamine-O-methyltransferase had been purchased 
from Miles Ltd.* The activity of this enzyme (Section 2.8) as claimed 
by the manufacturer was 0.14 units/mg protein. The manufacturer 
supplied details of their assay method (Section 2.8.1) together with the enzymi
Before the decision was taken to buy COMT, an elaborate attempt in 
our laboratory by Miss L.Shaw to isolate an enzyme-rich preparation 
from rat liver was unsuccessful.
SCHEME 3 Outline of the Passon and Peuler (1973) method of 
radioenzymatic assay for plasma catecholamines with 
possible HPLC variation
blood was collected with heparin and GSH
immediate centrifugation 
plasma  -----^  store at,-20OC
t *.. .y thaw and centrifuge
radioderivatize 
incubation at 37°C 
for 50 min*
add 0,25 ml of 1 M borate 
buffer pH 11.0 and 
0.5 jjmol each M and NM
extract with 11 ml of toluene-isoamyl 
alcohol 3:2, v/v >
take 10 ml of organic layer to dryness in a 
sand-bath at 120-130°C under a stream of air
HPLC separation: locate M 
and NM by UV detection
collect fractions for 
3H-counting
C (with fluorescent indicator) 
separation |
locate M and NM under UV light
elute M and NM from TLC with NHi*0H
convert M and NM to vanillin with 
NalOi, at 37°C
extract vanillin at acidic pH with 
toluene s
back-extract into ML* OH
acidify and extract into toluene
take the toluene layer for 
radioactivity counting
* Incubation mixture: 1.25 ml containing 0.75 ml plasma, 80 mM tris-C& 
pH 8.2, 10 ym SAM containing 2 x 106 cpm 3H-SAM, 1.0 mm GSH,
0.22 ihM paragyline, 24 mM MgC£2 and COMT (2 mg protein); final pH 
of mixture is 8.2.
substrate (3,4-dihydroxybenzoic acid). Hie activity of the COMT was 
then assayed using purified SAM (see next section). It was found that 
the activity of the COMT was about 50% of that claimed by the 
manufacturer. This finding was confirmed by the manufacturers them­
selves when they re-assayed the enzyme. Also it was found here that 
the enzyme activity was nearly the same, on a molar basis, when N and 
A were compared as substrates.
4.1.1.2 Inhibition of COMT activity by an impurity
associated with the SAM
It was reported that a common impurity in SAM is S-adenosyl-L- 
homocysteine (SAH), a very potent inhibitor of methyltransferase, and 
that the presence of even a few per cent as an impurity can result in 
serious under estimation of enzyme activity (Booklet: The Radiochemical 
Centre, 1976).
To investigate the effect of impurities in SAM on COMT enzyme 
activity, the SAM was purified by column chromatography on Dowex-1 
(HC03) according to Shapiro and Ehninger (1966) (Section 2.8) . The 
COMT enzyme activity was checked either using purified SAM or 
unpurified SAM with N as a substrate according to Axelrod (1972) . -
It was found that up to 78% diminution of CGMT activity occurred 
with the unpurified SAM.
4.1.1.3 Isolation of 3H-M and 3H-NM
The efficiency and selectivity of the isolation of 3H-metabolites 
free from other 3H-labelled substances is another important factor in 
deteimining the sensitivity of a radioenzymatic assay of plasma
catecholamines. The efficiency of the solvent used by Passon and 
Peuler (1973) (toluene-isoamyl alcohol) and the overall recovery were 
estimated as follows.
(a) Solvent extraction
The efficiency of toluene-isoamyl alcohol (3:2 v/v) for extraction 
of added 3H-metadrenalines from the plasma Incubation mixture 
(Scheme 3) (no added 3H-SAM) was 35% for 3H-M and 30% for 3H-NM. These 
values accord with the recovery figures quoted by Passon and Peuler 
(1973).
(b) Overall recovery of metabolites as 3H-vanillin
The overall recovery of 3H-metadrenalines added to the plasma, 
'which was then subjected to the whole method (see Scheme 3), was 12% 
for 3H-M and 10% for 3H-NM. Although Passon and Peuler (1973) did not 
quote overall recovery, the present findings are within the range of 
overall recoveries (1-20%) quoted by Engelman (1972).
To circumvent the problems which may arise from low COMT enzyme 
activity and an impurity in the SAM (Sections 4.1.1.1 and 4.1.1.2) , 
increased amounts of COMT and purified SAM were used. Despite many 
meticulous attempts, the method failed to give a calibration curve for 
A and N added to plasma; the 3H-M and 3H-NM counts produced from 
unspiked plasma in most cases were more than those produced from 
spiked plasma. This will be discussed further in the following section 
and in Section 6.5. The method was abandoned.
4.1.2 Method of Barr and et al. (Personal communication)
An unpublished method, developed by Barr and, Callingham and 
Mitchison (Department of Pathology and Pharmacology, University of 
Cambridge) was used (Scheme. 4) after the unsuccessful effort with the 
Passon and Peuler (1973) method. Its main differences from the latter 
method are (see Schemes 3 and 4):
(i) The pH of the enzymatic reaction was set at 9.1 instead of 
pH 8.2 as in the method of Passon and Peuler CL973). No 
unlabelled SAM was added, for the sake of higher specific 
activity of 3H-SAM. EGTA was added as a chelator known to
f ■ |~ ,|_
remove Ca ions but not Mg (see Section 6.5). 
Dithiothreitol was used instead of reduced glutathione as a 
stabilizer.
(ii)
(iii)
(iv)
4.2 HPLC separation of O-methylated derivatives
High pressure liquid chromatography has now become a powerful 
analytical technique for the determination of various bioconstituents 
in biological fluids, because it is an on-line system offering 
relatively high speed and resolution, as for GLC but without the
After the enzymatic reaction had been stopped with borate 
buffer, the mixture was washed with benzene.
The O-methylated derivatives were first acetylated then 
separated by paper chromatography.
The method allows the determination of plasma dopamine as 
well as N and A.
necessity to make a derivative. It was felt that such a technique 
for the separation of the labelled derivatives of catecholamines 
produced in a radioenzymatic reaction would be a useful development 
in catecholamine methodology, because the existing methods of separation, 
including column, thin-layer and paper chromatography , are either time- 
consuming or entail losses and consequently are less precise.
A variation was therefore introduced into the unpublished method of 
Barrand et al. (Personal communication) for the estimation of plasma 
catecholamines (see Scheme 4): the toluene-isoamyl alcohol containing 
extracted 3H-M, 3H-NM and 3H-3-methoxytyramine (the O-methylated 
derivative of D) was dried down at below 70°C with a stream of nitrogen. 
The residue was then dissolved in 200 yl methanol (later 1 M acetic 
acid was used instead of methanol, Section 2.7), and 25 yl was applied 
to an HPLC column. The Spherisorb-ODS, 10 ym dry-packed column was 
first used with gradient elution (see Section 3.9.1).
Some success was achieved in estimation of plasma catecholamines.
The results of these estimations are presented in Table 4.1.
At this stage an arrangement was made for the estimation of the 
catecholamines in the same plasma samples in Cambridge by Dr. M. A .Barrand, 
and at the University of Surrey by the present HPLC method. The results 
of these parallel assays are presented in Table 4.1. The HPLC-estimated 
values for plasmas N and D are in fair agreement with those of Dr. Barrand, 
but HPLC-estimated values for A are higher. In six assays for different 
plasma samples, N was 302 ± 46 (S.D.) pg/ml, A was 445 ± 37 (S.D.) pg/ml 
and D was 368 ± 19 (S.D.) pg/ml.
SCHEME 4 Outline of the radioenzymatic method of Barrand et al*
(Personal communication) for assay of plasma catecholamines, . 
and an HPLC variation now introduced. The enzyme 
preparation used by them was prepared from pig liver and has 
an activity of 0.4 n mol of product (O-methylated derivatives 
of 3,4-dihydroxybenzoic acid)/mg protein/h
blood collected with heparin
■ A immediate centrifugation
,0plasma kept at 4V till assayed 
(plasma can keep at least one day 
without significant losses of 
catecholamines) §
incubate at 37 C for 50 min*
add 0.25 ml of 2 M borate 
buffer pH 11.0 and 250 yg 
each of M, NM and 
f 3-methoxytyramine
wash with 5 ml benzene, 
discard the benzene
isolate [3H] derivatives 
from the aqueous layer 
with charcoal-acetic 
acid methanol (Section 4:2-2)
extract the aqueous layer with 
10 ml of toluene-isoamyl 
alcohol 3:2, v/v
take the eluate to 
dryness below 70°C with .. 
N2 • ,
HPLC separation, 
locate by UV 
detection, collect 
fractions directly 
into scintillation 
vials for [3H] 
radioactivity 
counting
back-extract into 0.6 ml 
0.1 M HC5, |
add acetic anhydride and NaHC03 to 
convert to acetylated derivatives
extract the derivatives into ethylacetate
separate the derivatives by paper 
chromatography
elute after location by ammonia- 
Folin spray reagent
take the eluate for [3H] radioactivity
counting
(Cont)
SCHEME 4 (Cont)
•k
Incubation mixture: 1.225 ml containing 1 ml plasma, 2 yCi 3H-SAM,
125 iriM tris buffer, pH 10.5, 21 iriM MgC&2, 0.1 mM paragyline, 0.5 mM 
dithiothreitol, 4 niM EGTA, 2.175 mg protein CQMT (0.725 nmol 
product). Final pH of mixture is 9.1.
Variations introducted at these points.
Since the HPLC column used (Section 3.9.1) was not veiy efficient, 
and since there were similar problems with the method for urinary 
metadrenalines estimation (Section 3.9.2), it was concluded that the 
high values for A obtained by HPLC may be caused by some 3H-contaminants 
which were not separated completely from the M. Therefore it was 
decided to use the'more efficient HPLC column which comes into use in 
the author’s laboratory later in this study (Section 3.10.2.2.2).
4.2.1 Trial of a more efficient HPLC column for separation of 
Q-methylated derivatives
An efficient (4200 plates; see Table 3.16) pre-packed, 5 pm ODS 
HPLC column (H.S.C.P. Ltd, Bourne End, Bucks; Section 3.10.2.2.2) had 
successfully been used for separation of urinary metadrenalines during 
the course of this study. Therefore this column was now used for the 
separation of the labelled O-methylated derivatives of the plasma 
catecholamines. Isocratic elution was used with a mobile phase 
consisting of 0.05 M citric acid - 0.05 M Na2HP0t* - 5% v/v methanol, 
pH about 3.5; the dried down plasma extract (Scheme 4) was dissolved in 
200 yl of 1 M acetic acid (Shoup and Kissinger, 1977) prior to the HPLC 
run. The 3H-metabolites were collected from the HPLC column after 
their location by UV detection of NM, M and 3-methoxytyramine which 
were added to the plasma after the enzymatic reaction was stopped by 
borate buffer (see Scheme 4). Fractions were collected from the HPLC 
column every 30 sec using a timed fraction collector. .The HPLC 
separation conditions are presented in Fig.. 4.1 which is a typical 
chromatogram for separated M, NM and 3-methoxytyramine. A calibration 
curve for N, A and D added to plasma is presented in Fig. 4.2. The 
relation between the amount of spiked A, N and D and 3H-M,l.3H-NM and
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3H-3-methcxytyramine respectively is linear over the ranges 50-500 pg 
of added A or D and 100-800 pg of added N. Some results of 
catecholamine estimation by HPLC are presented in Table 4.1.
The values for A in plasma are less than those obtained using the 
rather inefficient dry-packed ODS column (Table 4 *1) ♦ I11 two assays for 
different plasma samples, Nwas 155 pg/ml, A was 78 pg/ml and D was 342 pg/ml
However, the D value is higher than the value reported recently 
by Peuler and Johnson (1977). This matter will be discussed later 
(Section 6.6).
4.2.2 Coated charcoal for isolation of 3H-derivatives -
Since substantial losses occur during the extraction of 3H- 
derivatives with organic solvents (Section 4J-1-3) and consequently 
affect the sensitivity of the assay, a more efficient way of isolating 
the H-derivatives would give an improvement in sensitivity.
Again, coated charcoal seemed to be a possible tool for isolation 
of the 3H-derivatives, after its successful use for the isolation of 
urinary metadrenalines (Section 3.3.2.2).
The efficiency of stearic acid-coated charcoal for isolation of 
3H-M and 3H-NM from plasma has been tested.
A coated charcoal slurry was prepared as described earlier 
(Section 3.3.2.2) , but a similar buffer medium to that of the plasma 
incubation mixture (0.05 M borate buffer, pH 10.0) was used instead of 
a bicarbonate buffer. After stopping the enzyme reaction (the plasma 
incubation mixture in this pilot experiment did not contain 3H-SAM)
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with a borate buffer, labelled and, as a carrier, unlabelled M or NM 
were added. The mixture was diluted to 10 ml with water and the 
charcoal slurry was then added. The suspension was inverted gently 
for about 5 min and left 5 min before it was centrifuged for 5 min.
The supernatant was discarded and the charcoal was washed with 10 ml 
water by vortexing for 1 min. The suspension was then centrifuged for 
5 min. The 3H-M and 3H-NM were eluted from the charcoal with 10 ml of 
10% v/v 0.1M HQ, in methanol (later in this study 0.1 M acetic acid
was used instead of 0.1 M HQ, Section 3.13). The results of adsorption/
elution of 3H-metadrenalines using different amounts of coated charcoal 
are illustrated in Fig. 4.3. It is clear from this that coated charcoal 
is an efficient tool for the isolation of 3H-M and 3H-NM from plasma 
(more than 80% of added 3H-metadrenalines was recovered) .
Acetic acid (0.1 M)-methanol. 1:9, v/v (Section 3.13) had almost 
the same eluting efficiency as HQ-methanol for the 3H-metadrenalines:
84% of added 3H-M and 82% of added 3H-NM was recovered from 50 mg coated 
charcoal by 10 ml of 0.1 M acetic acid-methanol 1:9, v/v.
4,2.3 Removal of 3H-SAM and its by-product from plasma
A useful method for isolation of 3H-0-methylated derivatives of 
catecholamines from plasma,as in radioenzymatic assay, should be:
(a) especially efficient for extraction of 3H-derivatives;
(b) not prone to extract 3H-SAM or its by-product, either of 
which could contribute to the background and consequently
reduce the sensitivity of the assay.
The extraction of 3H-SAM and its by-product from plasma by 
toluene-isoarayl alcohol and by coated charcoal has been studied. It 
was found that 14.5% of added 3H-SAM was extracted into toluene- 
isoamyl alcohol, and about the same amount (14.0%) was recovered by 
extracting with coated charcoal and eluting with HQ-methanol.
However, a substantial (more than 90%) proportion of 3H-SAM and 
its by-product is removed from plasma by the benzene washing step 
(see Scheme 4). The remaining (about 1.5%) 3H-SAM and its by-product 
eluted from the-HPLC column well before the NM peak, close to the 
solvent front (Fig. 4.1), and thus would not interfere in this 
variation of the assay.
FIGURE4.3EFFICACY OF CHARCOAL IN ADSORBING METABRENALIRE (M)
AND N 0 RMET AD Ps E N A LINE (NM) FROM PLASMA
3
Tracer amounts of H-M and-NM were added to the plasma. 
Elution was-performed with methanolic HC1» after adsorption 
on to stearic-coated charcoal added as a suspension.
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NOTE THAT THE HIGHER AMOUNTS OF CHARCOAL GIVE A SLIGHT 
IMPROVEMENT IN ADSORPTION EFFICIENCY/ BUT ELUTION SUFFERS,
EVIDENTLY c h a r c o a l  o f f e r s  a  s i m p l e  m e a n s  o f  i s o l a t i n g  s m a l l
MOLECULES FROM NON-DEPROTEINI ZED PLASMA FOR SUBSEQUENT ANALYS
5. POSSIBLE USEFULNESS OF COATED CHARCOAL IN
ASSAY OF DRUGS IN BIOLOGICAL FLUIDS
Practolol [4- (2-hydroxy-3-isopropylaminopropoxy) acetanilide] and 
atenolol [4- (2-hydroxy-3-isopropylaminopropoxy)phenylacetamide] are 
caraio-selective 3-adrenoceptor blocking agents. Practolol, although 
now disfavoured because of toxicity, served to slow the heart in 
congestive cardiac failure or in the inmediate post-operative period 
following valve replacement CGibson et aL, 1968). Atenolol may be 
valuable as an antihypertension drug in humans (Hansson et aL, 1973;
Amery et al., 1973) .
Although the GLC-ECD methods for the estimation of these drugs in 
biological fluids (Scales and Cosgrove, 1970; Scales and Copsey, 1975) 
are sensitive, their sample preparation steps which include solvent 
extraction and back-extraction are tedious and time-consuming and, 
moreover, could be a source of error (Malbica and Monson, 1975). In 
our own laboratory, the precautions adopted in solvent extraction of 
such drugs are as follows: the organic solvent must be protected, 
against light and, if for derivatization on GLC, against atmospheric 
moisture; it is necessary to give even AnalaR grade solvents an 
appropriate pre-treatment such as with alumina or re-distillation. 
Therefore the sample preparation for these drugs in biological fluids 
could usefully be improved in reproducibility and convenience.
In the light of the successful use during the course of this 
study of coated charcoal for isolation of metadrenalines (Section 3.2.2.2) 
and of the existence of some sort of similarity in the chemical nature 
(aromatic ring and amino side-chain), it was decided to examine the
feasibility of isolation of these drugs from urine or blood by coated 
charcoal prior to their derivatization and GLC estimation.
5.1 Isolation of practolol and atenolol from urine by coated 
charcoal
. The pilot work with urine was confined to recovery experiments.
One ml of urine pre-adjusted to pH 8.0 was spiked with 1 pg containing 
1 n Ci[14C] of either practolol or atenolol. Ten mg of coated 
charcoal slurry in 0.035 M sodium bicarbonate, pH 8.0 (Section 
3.3.2.2(f)),was added. The suspension was inverted for about 5 min, 
and left 5 min before it was centrifuged for 5 min. The supernatant 
was removed. The charcoal was washed with 2 ml of water by vortexing 
for 30 sec. The suspension was centrifuged for 5 min and the supernatant 
removed. Assuming that adsorption had taken place, elution from 
charcoal was attempted by shaking for 10 min with 2 ml of 0.1 M HC£~ 
methanol 1:9 v/v. Hie suspension was centrifuged for 5 min. The 
eluate was then taken for [14C] recovery estimation.
In four replicate experiments for each drug, the recovery values 
were as follows: 10% of added 14C-atenolol was not adsorbed by
charcoal, whilst 791 was recovered by 2 ml of acidic methanol; and 
only 61 of added 14C-practolol was left unadsorbed whilst 86% was 
recovered by 2 ml of acidic methanol.
Tliese results encourage the idea of using coated charcoal for 
isolation of these drugs from urine.
5.2 Isolation of atenolol from blood prior to GLC analysis
A pilot experiment was performed for isolation of atenolol from 
blood, followed by GLC analysis.
Half ml of blood containing atenolol was diluted to 2.5 ml 
with 0.1 M sodium bicarbonate, pH about 8.0. Sixty mg coated charcoal 
as a sluriy in 0.035 M sodium bicarbonate, pH 8.0, was then added.
The suspension was inverted for about 5 min, and centrifuged for 
5 inin. Hie supernatant was discarded. The charcoal was washed with 
2.5 ml of water by vortexing for 30 sec, followed by 5 min centri­
fugation. The atenolol was then eluted from charcoal with 5 ml of 
0.1 M HC£-methanol 1:9, v/v, by shaking for 10 min followed by 5 min 
centrifugation. Hie eluate was divided into two equal portions. One 
portion was extracted with 30% v/v cyclohexane in n-butanol containing 
0.5% conc. llCji, as used in the procedure of Scales and Copsey (1975). 
This and the other portion of acidic-methanol eluate were taken to 
dryness under nitrogen prior to their GLC analysis as heptafluoro- 
butyrate derivatives (Scales and Copsey, 1975).
The GLC chromatograms of atenolol extracted from blood by coated 
charcoal or by the conventional method (solvent extraction) of Scales 
and Copsey (1975) are presented in Fig. 5.1. It is clear from these 
chromatograms that the GLC chromatogram of atenolol extracted by coated 
charcoal was as clean as that of the relatively expensive, time- 
consuming and tedious solvent extraction method. However, more study 
has to be performed in order to establish the optimum conditions for 
this extraction. This matter will be discussed further in Section 6.3.
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6. GENERAL DISCUSSION
6.1 Metadrenalines and solvent extraction
Of the five organic solvents (Section 3.3.1) which have been 
examined, none were found to be suitable for the sample preparation 
of urinary metadrenalines (the shortcomings of the individual solvents 
have been discussed in Section 3.3.1.7) . This is not surprising and 
is in agreement with Weil-Malberbe (1971) who considered solvent 
extraction to be of no advantage for catecholamines and their 
metabolites such as metadrenalines, as these substances are highly 
polar compounds which need a polar but water immiscible solvent for 
efficient extraction. In any case, the more polar solvents would also 
extract many other substances, with little selectivity. Therefore, 
these five organic solvents were ruled out as a means of sample 
preparation for urinary metadrenalines.
6.2 Metadrenalines and coated charcoal
An efficient and, in the met adrenaline context, novel solid phase 
material has been used for the isolation of urinary metadrenalines 
prior to further operation. Particularly in comparison with Dowex-50 
this material, stearic acid-coated charcoal, has been shown to offer 
many advantages. It is more efficient for the extraction of 
metadrenalines than Dowex-50: 75% of 3H-M and 3H-NM added to urine 
in trace amounts was recovered by coated charcoal (Section 3.3.2.2(m)) 
while 61% was recovered by Dowex-50 (Section 3.6.1). The urine extract
was cleaner, as shown by a lower fluorine trie blank, than that from 
Dowex-50. On the basis of the recovery variations from one urine 
sample to another (S.E.M.** n = 10, 1.61 for charcoal, 6.0% for Dowex-50), 
it was concluded that the urinary electrolyte concentration has 
considerably less effect on the coated charcoal adsorption than on 
Dowex-50. These matters are also discussed in Section 6.2.3. It is 
easy to use in both column and batch techniques. Although a column gave 
higher recovery (81% for both 3H-M or 3H-NM, Section 3.3.2.2 . p. ) 
than batch techniques (75% for 3H-M and 74% for 3H-NM, Section 3.3.2.2m), 
and allowed unwanted pigment to be removed, the batch method was 
preferable for handling large numbers of samples simultaneously.
6.2.1 Degraded 3H-metadrenalines and coated charcoal
Stearic acid-coated charcoal was found to adsorb only undegraded 
labelled metadrenalines (Section 3.3.2.2nhJ. Therefore it would be a 
useful tool for assessing the degree of degradation of 3H-M and 3H-NM 
in stock solutions. Also it would be used as a solid phase for 
purification of these labelled compounds. Alternative methods of 
purification which utilise paper, thin-layer, or column chromatography 
are all tedious and time-consuming, and stearic acid-coated charcoal 
appears to offer distinct advantages.
6.2.2 Rapid screening test for abnormal urinary metadrenalines
A small percentage of cases of hypertension are caused by 
catecholamine-secreting tumours, and in these cases the urinary
S DStandard error of mean (S.E.M.) = , where S.D. is standard
deviation, N number of observations.
metadrenalines are usually elevated. A rapid screening test for urinary 
metadrenalines would be useful for ruling out such cases from the more 
usual forms of hypertension where the urinary metadrenaline patterns 
are noimal.
Isolation of urinary metadrenalines with stearic acid-coated 
charcoal followed by their TLC separation could be used as a rapid 
screening test for abnormal urinary metadrenaline. As shown in 
Fig. 3.6 , which represents a typical TLC-chromatogram for urinary 
metadrenalines extracted by coated charcoal (Scheme 2), the initial 
spiking of 20 ml of urine with 1 yg of each M, NM and 3-methoxytyramine 
(=. 40 yg/1) was clearly reflected in the chromatogram. This means that 
an elevation of urinary metadrenalines output of as little as 50 yg/1 
above the normal level could be easily detected.
Three ways were found to be effective in producing cleaner TLC 
chromatograms for urinary metadrenalines if vised in succession 
(Scheme 2 and Figs. 3.3 and 3*8 ) '
(i) Removal of pigmented sediments formed after thawing of 
frozen urine (Section 3.2);
(ii) washing the urine hydrolysate (at pH 1.0) with an organic 
solvent such as toluene-isoamyl alcohol (Section 3.12);
(iii) a cleaning-up run of the TLC plate (containing the urine 
extract) prior to the separation run (Section 3.4.2).
TLC assay would be a very useful development in metadrenalines 
methodology, since, apart from the Gutteridge (1968) method which does 
not purport to be quantitative or to be applicable to normal urines,
the TLC method seems to be absent from metadrenalines methodology. A 
simple qualitative charcoal-TLC method for separation and detection of 
urinary metadrenalines has now been developed (Scheme 2), but further 
study is needed for quantition of the separated metadrenalines.
6.2.3 Urinary metadrenalines estimation by charcoal-celfulose- 
phosphate-fluorimetry
Stearic acid-coated charcoal was successfully used as a urine 
concentrating/desalting step prior to cellulose phosphate separation 
of M from NM and subsequent fluorimetric estimation. This variation, 
which was introduced into the Kahahe and Vestergaard (1969) method 
offers many advantages:
(a) Firstly it gave a lower fluorimetric blank, and hence higher 
sensitivity than was obtained with the Dowex-50-cellulose phosphate 
method. Similar observations about a high fluorimetric blank for 
the eluate from a .strong cation-exchange resin were reported by 
Haggendal (1962).
(b) It offers more reproducibility since with ion-exchange resins the 
recovery of M and NM varies from one urine to another, perhaps due 
to differences in salt content (Weil-Malherbe, 1971; Anton and 
Sayre, 1972). These inherent recovery variations associated with 
the cation-exchange approach were claimed to be overcome by 
diluting the urine (Taniguchi, 1964; Kahane and Vestergaard, 1967), 
or by desalinization using electrodialysis apparatus (unavailable 
commercially; Weil-Malherbe, 1971) for treatment of urine with
ion exchanger.
(c) Whereas the Dowex-50 column sample preparation takes at least 
two working days (a maximum of six columns can be handled by one 
person}.With- coated charcoal, the urine sample preparation takes 
no more than one hour (12 samples can be handled easily). This is 
disregarding the drying down in both cases.
(d) The charcoal method is more economical than that using Dowex-50, 
a good grade of which is not cheap.
The tendency of charcoal to encourage the degradation of 
metadrenalines, which was noticed during the course of this study, 
was circumvented by adding anti-oxidant 2-mercaptoethanol solution 
(Ping Wong et al., 1973) to urine prior to charcoal treatment. However, this 
stratagem did not cure A and N from degradation (Section 3.3.2.2(o)).
A larger amount of coated charcoal was needed for efficient 
isolation of 3H-metadrenalines from urine than from an authentic solution 
(Section 3.3.2.2(g)). This may be due to competition between the 
urine adsorbates for the charcoal adsorption sites.
From the selectively few charcoal batches examined (Section 
3.3.2.2(k)) it is not possible to disprove possible batch variation.
The use of radioactive M and NM for spiking the urine (not used 
in the Kahane and Vestergaard methods, 1969) increases the precision of 
the method, since correction is made for losses during the isolation 
and separation in every individual single sample.
The accuracy of the charcoal-cellulose phospate-fluorimetry 
method for estimation of urinary metadrenalines was good, as can be 
judged by comparison of the values for urinary M and NM obtained by 
this method, and those obtained by the reference method (Table 3.16).
6.3 Coated charcoal for isolation of some drugs from
biological fluids
Pilot experiments which were carried out during this study 
(Sections 5.1 and 5.2) pointed to the possibility of using stearic 
acid-coated charcoal as a solid phase for extraction of certain drugs 
(practolol and atenolol) from blood and urine, prior to their GLC 
analysis. This approach seems to be promising, since the efficiency 
of coated charcoal for the extraction of these deugs from urine was 
good (Section 5.1), and the GLC chromatogram for atenolol extracted 
from blood by coated charcoal (Fig. 5.1) was as clean as for atenolol 
extracted by the conventional method (solvent extraction) of Scales 
and Cops ey (19 7 5).
Active charcoal has been used by Meola and Vanko (1974) for 
isolation of some drugs from urine. The adsorbed drugs were eluted 
from charcoal with diethyl ether or a mixture of chloroform and 
propan-2-ol, but no information on recoveries was given by those 
authors. The low recovery obtained by Hindmarsh et al. (1975) of 
various basic drugs which were adsorbed by active charcoal from urine 
was circumvented by adding traces of concentrated hydrochloric acid 
to the eluent (methanol). In the light of the poor elution of 
adsorbed metadrenalines from active charcoal obtained during this 
study (Section 3.3.2.2(b)), it was decided to use coated rather than 
active charcoal, since this gave satisfactory recovery (Section 
3.3.2.2(c)). Likewise, only coated charcoal was investigated for the 
isolation of practolol and atenolol from urine or blood.
However, the few experiments which were performed in this context 
served merely to point to the feasibility of using coated charcoal for 
extraction of such drugs. Success in using coated charcoal for
isolation of these drugs from blood or plasma could not be taken for 
granted, since some substances in blood or plasma could cause trouble, 
similar to that arising in published methods using charcoal in 
radioimmunoassay which did not entail elution. These substances, such 
as proteins (Binoux and Odell, 1973), urea, and creatinine (Mortensen, 
1974) are reported to compete with the compounds of interest (such 
as thyrotropin or cyanocobalamin) for the adsorption sites on charcoal 
leading to lower adsorption.
The possibility that charcoal can be selective (see Sections 1.6.3 
and 1.6.4) and thus help eliminate unwanted material has now received 
some support. Chromatographic patterns obtained for metadrenalines 
(Figs. 3.14 ; 3-17) and also for atenolol (Fig. 5.1) indicate that a 
charcoal step can satisfactorily replace a conventional step in sample 
preparation. Selectivity could arise in three ways.
(a) It can remove unwanted material that is not adsorbed. This can 
possibly be achieved by choosing appropriate adsorption conditions 
such as a coating agent, or pH. Thus metadrenalines were shown to 
be weakly adsorbed at pH 1.0, whilst highly adsorbed at pH above 
6.0 (Section 3.3.2.2(f)).
(b) It can remove unwanted material which is adsorbed by charcoal, 
but which can be washed off using a suitable washing agent. Thus 
a solution of 1% SDS was found to be effective in washing off some 
pigmented material from charcoal without reducing the recovery of 
3H-metadrenalines with acidic methanol (Section 3.3.2.2(p)).
(c) It can remove some material which is adsorbed but which is not 
eluted by the eluent. Thus, in our laboratory, Winter, A-J- 
(BSc. Project Report, 1975) noted that corticosterone and orotic
acid are resistant to elution from stearic acid-coated charcoal 
with acidic methanol, in contrast to the behaviour of the 
metadrenalines. -
6.4 Urinary metadrenalines with final HPLC and UV detection
Higher values (Table 3.16) for urinary M and NM were at first 
obtained using the Dowex-50-HPLC-UV detection method than with Dowex-50 
or coated charcoal-cellulose phosphate-fluorimetry. These high values 
were thought to be due to the use of a rather inefficient HPLC column 
(Partisil SGX or Spherisorb-ODS dry-packed column, Section 3.9.1).
The Partisil-SCX, cat ion-exchanger column was a commercial column, 
which the manufacturer showed to be efficient for some compounds other 
than metadrenalines. It was concluded by Shoup and Kissinger (1977) 
that a cation-exchanger (Pellicular VYDAC SCX) was generally inadequate 
in both speed and resolution for HPLC separation of metadrenalines. 
Seemingly, the inefficiency for chromatography of metadrenalines is 
inherent in the cation-exchange approach.
The failure to give good resolution of a dry-packed column of a 
smal 1-particle packing such as 10 pm Spherisorb-ODS has been discussed 
earlier (Section 3.10.2.1). These two columns appear to be unable to 
separate M or I'M from other UV absorbing material of unknown identity. 
This assumption was confirmed when a more efficient HPLC column 
(Section 3.10.2.2.2) was used for separation of urinary metadrenalines 
after their isolation by Dowex-50 or coated charcoal.
More realistic values (two assays only) were obtained: NM/M, ug/24 h, 
209/112 by charcoal-HPLC-UV detection; 220/74 by Dowex-50-HPLC-UV
detection. These values are within the range given by the literature 
such as: 196/130 by Kahane and Vestergaard (1969), and 238/174 by 
Shoup and Kissinger (1977).
The UV absorbance of NM at 279 nm is slightly higher than that of 
M, coupled with the fact that the M is eluted later than the NM; this 
results in the HPLC-UV detection method being more sensitive for the 
latter. Thus the minimum detectable quantity* for NM was about 5 ng 
and for M was about 20 ng. If we take it that the normal excretion 
value for NM is about 200 yg/24 h (= 1500 ml urine) , and for M is about 
100 yg/24 h (e 1500 ml urine) , the minimum equivalent urine volume 
(disregarding the losses during the sample preparation) that should be 
put onto the HPLC column is about 300 yl to allow the measurement of M, 
and as little as 40 yl urine would allow the measurement of NM (see the 
UV chromatogram in Fig. 3.14).
Although the Dowex-50 or charcoal HPLC methods described here for 
the estimation of urinary metadrenalines, in which usually about 60% 
and 75% respectively of added labelled metadrenaline tracer was 
recovered from urine (Sections 3.6.1 and 3.3.2.2(m)) , are simple and 
sensitive for metadrenalines in normal urine, some improvements are 
still needed for both Dowex-50 and charcoal. The specificity of the 
sample preparation by charcoal or Dowex-50 needs improvement. As can 
be seen in Fig. 3.17, about twelve peaks appeared in the charcoal- 
HPLC chromatogram whereas about thirteen peaks usually appeared in the 
Dowex-50-HPLC chromatogram. Although these discernible peaks are well 
separated by the HPLC,there may be a corresponding abundance in the
*
The minimum detectable quantity in grams is typically equal to the
noise-equivalent concentration in g/ml (Bristow, 1976).
NM-M region also; thus any improvement in specificity of the sample 
preparation would improve the assay. In the present study, the 
charcoal was washed with water after the adsorption of metadrenalines 
from urine. No other washing agent has been tried. Therefore, the 
specificity would be improved if a Solvent was found to wash away 
some unwanted material, leaving metadrenalines behind.
The pH value of 8.0 for adsorption of metadrenalines by coated 
charcoal was chosen for two reasons: (a) the recoveries of 
3H-metadrenalines were good; (b) a high pH which might have encouraged 
the degradation of metadrenalines. But no further study has been 
performed to see what is the effect of this pH on adsorption of other 
(interfering) materials.
Insignificant 'amounts of 3H-M (2%) and 3H-NM (5%) were adsorbed 
by coated charcoal from urine at pH 1.0 (Section 3.3.2.2(f)). No 
further study has been performed to investigate the effect of such 
treatment on adsorption of other substances present in urine. Such 
treatment may be more effective than the organic solvent wash which 
was used in the present method (Section 3.12) for removal of some 
unwanted material before the usual charcoal treatment (at pH 8.0).
6.5 Urinary metadrenalines and HPLC-electrochemical detection
Electrochemical detection of urinary metadrenalines after their 
HPLC separation from each other was tried during the present study in 
the hope that it would be more sensitive or more selective than UV 
detection. However, this hope was not completely realised, since 
neither charcoal nor Dowex-50-HPLC-electro chemical detection provided
a reliable estimate for urinary M. This was mainly due to the low 
response of the electrochemical detector for M, which made it difficult 
to differentiate M from other material in the eluate .which also gave a 
response at the detector.
As mentioned earlier (Section 3.11.1) the selectivity of the 
electrochemical detector is inversely proportional to the potential 
applied to oxidize the detected material: the higher the potential used 
the lower the selectivity (more material will be oxidized). The 
potential used-during the present study of the estimation of M and NM 
is relatively high (850 mV; Shoup and Kissinger, 1977), so that many 
substances eluted from the column would be oxidized, leading to a high 
background current and interfering peaks. A lower electrode potential 
would reduce the background current but might then not allow oxidation 
of the M.
An alternative approach to improving HPLC-electrochemical assay of 
M and NM is to improve the efficiency of the sample preparation and of 
the HPLC column.
However , a successful estimate of urinary NM was achieved using 
both charcoal and Dowex-50-HPLC-electrochemical detection. The 24 h 
estimated values for NM by charcoal-HPLC-electrochemical detection 
was 166 ± 12.8 (S-D) yg (n = 6), and by Dowex-50-HPLC-electrochemical 
detection was 214 yg. These values and the values obtained for 
phaeochromocytoma urines agree well with the values obtained by the 
reference method (fluorimetry) and with the values given by M Sandler 
for phaeochromocytoma urines (Table 3.18).
This method for urinary NM estimation is better than that of 
Shoup and Kissinger (1977) in terms of simplicity (see Scheme 2) and
sensitivity, especially since losses of the metadrenalines may occur 
during their multi-step sample preparation procedure, but the authors 
reported 61% and 511 recovery for NM and M respectively. They did 
not set up a reference method to check their normal-urine values, 
which are 238 yg/24 h in the case of NM and 174 yg/24 h in the case 
of M (Table 1.2).
6.6 Plasma catecholamines
The single-isotopic method of Passon and Peuler (1973) for 
plasma catecholamines was found unsatisfactory. The root of the 
trouble seemed to lie in the efficiency of the O-methylation of the 
catecholamines. However, since problems arising from the low activity 
of the COMf, and impurities in the SAM were overcome, there must be 
other factors which impede the methylation. The recent findings of 
Weise and Kopin (1976), and Ben-Jonathan and Porter (1976), . . 
that the addition of large amounts of plasma (> 20% of incubation 
mixture volume) reduces the activity of COMT, point to one contributory 
factor. Hiese authors also found that, in plasma, inhibition of 
O-methylation of catecholamines is largely prevented by addition of 
EGTA and excess magnesium chloride. These findings led the authors to 
conclude that calcium ions are probably responsible for the inhibition 
of COMT. The same observation was reported by Weinshilboum and 
Raymond (1976) regarding the calcium inhibition of rat liver COMT.
The extent of the inhibition (by Ca ions) for COMT is rather high. 
Weise and Kopin (1976) observed that only 3% of the theoretical amount 
of noradrenaline was converted to normetadrenaline by COMT in plasma 
to which no EGTA had been added. The addition to the plasma of EGTA,
which is known to have much higher chelation affinity for Ca than for
* -
Mg++ (Schmid and Reilley, 1957), increased the NM formed to 25V (Mg++ 
is a cofactor required for - COMT enzymatic activity; Axelrod, 1972).
Dithiothreitol which was added to the incubation mixture in the 
Barrand et al method, but not by Passon and Peuler (1973) , was found 
by Weinshilboum and Raymond (1976) to increase the COMT activity.
This may be another factor which enabled the method of Barrand et al. 
but not of Passon and Peuler (1973) to givesatisfactory estimates 
for plasma catecholamines.
The benzene wash of the plasma incubation mixture (Scheme 4) was 
effective in removing much of the [3HJ background caused by 3H-SAM 
and its by-product.
'Ihe present variation on the Barrand et al.method, entailing HPLC 
separation of the labelled O-methylated derivatives formed, offers 
several advantages.
(i) It is simpler and quicker. Thus each HPLC run takes no more 
than 30 min, whereas the multi-stage method of Barrand et al. 
entailing extraction, derivatization and paper-chromatographic 
separation, takes at least two days.
(ii) It is more sensitive, as the overall recover)7- of the labelled 
O-methylated derivatives of catecholamines formed can hardly 
be good after the solvent extraction, back-extraction and 
derivatization steps.
(iii) It is more precise, as the losses during the pre-HPLC
extraction are corrected for by measuring the UV absorbance 
of the added non-radioactive derivatives in HPLC chromatogram.
The present method is advantageous compared with the single­
isotopic method in current use, since it makes a correction in each 
sample for losses occurring during the isolation of the 3H-derivatives. 
In the method of Ben-Jonathan and Porter (1976), the correction for 
losses incurred during the extraction and chromatography was assisted 
by using 1£tC-M, 1.*fC-NM and Il*C-3-methoxytyramine that were added at 
the end of incubation. It is also advantageous (as with all single 
isotopic methods) compared with the double-isotopic methods, in its 
use, not of ll*C-SAM but, with higher specific activity, 3H-SAM.
The sensitivity of the present radioenzymatic-HPLC assay for 
plasma catecholamines could be further increased if a more efficient 
isolation of the 3H-derivatives from plasma was used. Coated charcoal 
looks promising for this purpose, since pilot experiments showed it to 
be more efficient for the extraction of 3H-M and 3H-NM than toluene- 
isoamyl alcohol.
Dopa decarboxylase activity was reported to be present in a CCMT 
preparation (Ben-Jonathan and Porter, 1976) . This enzyme m i l  convert 
dopa to dopamine during the enzymatic treatment of plasma. Consequently 
the values estimated for plasma dopamine would be falsely higher, and 
therefore this enzyme should be inhibited. Recently Peuler and 
Johnson (1977) reported the use of benzyloxyamine for inhibition of 
dopa decarboxylase during plasma catecholamine assay by radio enzymatic 
method. No inhibitor of dopa decarboxylase was used in the Barrand 
et al method, and this may explain the high values which were obtained 
for plasma dopamine by Barrand et al and during the present study 
compared with those of Peuler and Johnson (1977).
A true answer for noradrenaline alone, even at trace levels as
found in the brain, is obtainable by the method of Henry et al. (1975) 
where, with 3H-SAM, N is converted into A by the enzyme phenylethanolamine- 
N-methyltransferase (PNMT).. Their method, entailing steps such as 
alumina adsorption to isolate the 3H-A, results in considerable losses, 
and is too complex to be used for plasma noradrenaline. Whilst their 
enzyme preparation is presumably free of COMT, it cannot be taken for 
granted that COMT preparations used in the present method are free from 
PNMT which, if present, could give high values for A at the expense 
of N. Therefore, further improvement is needed.
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